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where X and W are terminal groups optionally with
further amino acyl residues; D, E, B and Z (of which
any one or except with ‘reduced’ analogues any two
may be absent) are aromatic, lipophilic or in the case of
E aromatic lipophilic or basic amino acid or amino acid
analogue residues; and A is an analogue of a lipophilic
or aromatic dipeptide residue wherein the peptide link
is replaced by a one- to four-atom carbon or carbon-
nitrogen link which as such or in hydrated form is an
unhydrolysable tetrahedral analogue of the transition
state

of peptide bond hydrolysis.
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RENIN INHIBITORS AND TREATMENTS USING
THEM

RELATED CASES

The present application is a c.i.p. of application Ser.
No. 469,540 dated Feb. 7, 1983, itself a c.i.p. of applica-
tion Ser. No. 290,620 dated Aug. 5, 1981 issued as U.S.
Pat. No. 4,424,207.

The invention relates to enzyme inhibitors, and par-
ticularly renin-inhibiting peptide analogues.

SECTION 1—BACKGROUND AND INVENTION
GENERALLY

Renin is a natural enzyme, disorders in relation to
which are implicated in many cases of hypertension. It
is released into the blood from the kidney, and cleaves
from a blood glycoprotein a decapeptide known as
angiotensin-I. Circulating angiotensin-I is cleaved in
lung, kidney and other tissues to an octapeptide, angio-
tensin-1I, which raises blood pressure both directly by
causing arteriolar constriction and indirectly by stimu-
lating release of the sodium-retaining hormone aldoste-
rone from the adrenal gland and thus causing a rise in
extracellular fluid volume. The latter effect is caused by
angiotensin-II itself or a heptapeptide cleavage product
angiotensin-III.

Inhibitors of renin have therefore been sought, with
two ends in view, first the provision of a diagnostic
agent for identification of cases of hypertension due to
renin excess, and secondly the provision of an agent for
control of hypertension in such cases.

The present inventors’ approach has been to consider
the peptide sequence characterising the natural renin
substrate at its binding site, and to seek peptide ana-

"logues sufficiently similar to bind to the enzyme, in
competition with the natural substrate, but sufficiently
dissimilar to it to be cleaved slowly or not at all. Such
analogues will block the action of the enzyme and at-
tack the hypertension at source.

Renin is specific to a particular bond in the substrate,
the N-terminal sequence of which in the horse is for
example:

A

2

to the substrate residues being indicated by numbering):

H—Leu—Leu~Val—Phe—OMe an
10 11 12 13

proposed by Kokubu, Nature, 217 456 (1968) but it is
inactive in vivo, because of binding to plasma proteins
and rapid attack by natural peptidases.

One of the present inventors undertook some years
ago a development of Kokubu’s work, seeking a renin
inhibitor active in vivo, in which analogues of peptides
similar to Kokubu’s were made but having a methylene
imino group -CH)-NH- in place of the peptide link

15 .CO-NH- between the leucine residues. One of these

analogues was:

By iBu (11)
|
NH;—CH--CH;—NH—CH—CO~—Val—Phe—OMe
10 11 12 13

which is the tetrapeptide (I) modified at the Leu-Leu
link, leucine of course being

iBu (Iv)

NH;—CH—COOH

30 This analogue (III) was the first effective in-vivo inhibi-

tor of renin and was shown to have significant antihy-
pertensive action in Goldblatt hypertensive rats (Parry,
Russell and Szelke p. 541 in “Chemistry and Biology of
Peptides” Ed. Meienhofer, Ann Arbor Science Publish-

35 ers 1972). Little or not attention was however paid to

the work, which the authors themselves were unable to
pursue, in spite of considerable activity in the general
field of substrate-based inhibitors for renin, reviewed
for exampled by Haber & Burton, Federation Proc. 38

40 No. 13 2768-2773 (1979).

BASIS OF INVENTION

The invention is based on recognition of the fact that
renin has a much greater binding affinity for the transi-

aay

Asp—Arg—Val=—Tyr—Ile—His—Pro~~Phe~~His—Leu—Leu—Val—Tyr—Ser—

1 2 3 4 5 6 7 8 9 10 11

as found by L. T. Skeggs et al J. Exper. Med. 106 439
(1957). Human renin substrate has a different sequence
recently discovered by D. A. Tewkesbury et al Bio-
chem. Biophys. Res. Comm. 99 1311 (1981).

A as

—Val—lle—His™ . ..
11 12 13

the sequence to the left of the arrow A being as in for-
mula (IA).

Cleavage at A gives angiotensin-I; subsequent cleav-
age at the Phe-His bond at B gives angiotensin-II; and
cleavage subsequently again at the Asp-Arg bond at C
gives angiotensin-III.

Peptides similar to certain partial sequences of the
substrate have been shown to act as inhibitors of renin in
vitro. An example is the tetrapeptide ester (the relation

12 13 14

tion-state than for the substrate. Non-hydrolysable ana-
logues of the transition-state VI (Table I below) formed
at the scissile peptide bond V during hydrolysis of the
substrate therefore provide potent enzyme inhibitors.

TABLE I
Rl\ ,,Hll.l Icl) v
/
[of C

N
NN/ NN\
] ﬁ/C_\
H O0H g

Peptide
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TABLE I-continued
R! H O
\ /'H“\ PO
C’ N' C
N/ \C/ @\C/ AN
" N
“on 7 e
Transition state
R! H O
AN /’HH\ AR
N2 AN
N @ c,
7N 7N
H H R2
Reduced
analogue

VI

-2z

OH

VII
). Gl

]
H H

Rl H H Ho VI

N
\N/ N \C/ AN
| AN
H O H R2

Ketio
analogue

H H 0
NV
N

H IX

R! -
N\
C (o4
\N/ \C/ ~ C/
] / \\ / \\
H H OH H R?
Hydroxy
analogue

H
N
C
N/ \C/ ~ c/
| / \\ / AN
H OH o H
Hydrated keto
analogue

H R:! O
/ Il
AN

R!

\R2

(R!, RZ in this table = amino acid side chain(s))

Thus the inventors have recognised that replacement
of the scissile peptide bond V, in a partial sequence or
partial sequence analogue of renin substrate, with a
‘reduced’ analogue VII, a hydroxy analogue IX, the
novel ‘amino’ analogue -CH(NH2)-CH;- (compare 1X)
or the ‘hydrocarbon’ analogue -CH3-CHj;-(again com-
pare IX) provides such non-hydrolysable analogues.
They have also recognised that the ‘keto’ analogue VIII
is capable of reacting with the water molecule present
at the active site of aspartic proteinases such as renin to
form a tetrahedral hydrate X which is a further non-
hydrolysable transition-state analogue. These analogues
are also referred to herein as isosteres, and the links they
give in the backbone as isosteric links.

Based on structure-activity studies in their own labo-
ratory, and on recent x-ray crystallographic studies (e.g.
Blundell et al Nature 304 273 (1983) the inventors have
devised novel cyclic structures and other modifications
of the substrate sequence including the backbone and N-
and C-terminal positions which both increase binding
affinity to renin and impart greater stability against
breakdown by exo- and endo-peptides in vivo.

In particular, a study of the enzyme-inhibitor com-
plex by computer graphics suggested, and experiments
have confirmed, that replacing the hydroxyl function of
the ‘hydroxy’ isostere IX with an amino group capable
of carrying a positive charge (‘amino’ isostere) intro-
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duces additional binding through interaction with the
negative charge of the aspartic carboxyl functions at the
active site of the enzyme. Replacing the hydroxyl group
of statine with an amino group to give ‘amino-deoxy-
statine’ has a similar effect.

A particular aspect of the present invention stems
from a desire to provide orally active renin inhibitors.
On the one hand, a shorter sequence and increased
lipophilicity favour absorption from the gut. On the
other hand, a longer sequence is usually required to
maintain high inhibitory potency and selectivity for
renin as opposed to other related proteases in the body.
The inventors have found that a balance of these re-
quirements can be achieved by a suitable combination of
molecular parameters. For example, the introduction of
lipophilic groups can more than offset the loss of po-
tency due to a shortening of the peptide sequence, and
at the same time facilitate absorption and increase stabil-
ity against enzymatic breakdown in vivo (e.g. compare
H-270 with H-269, 287 and 288 in Table 2 later herein).

Generally the invention uses a concept of modifying
peptide structures related to the peptide sequence at the
site of action of renin on the natural substrate, by isost-
eric substitution at, at least, the site of cleavage. Option-
ally further there is isosteric substitution or other modi-
fication at other positions to increase stability or to
modify the properties of the final peptide, for example
its solubility under physiological conditions or its resis-
tance to in vivo exopeptidase attack. Such modification
may for example be by incorporation of residues other
than those of the natural L-amino acids; by protection
of the N-terminus with acetyl, pivaloyl, t-butyloxycar-
bonyl (Boc), benzoyl or other groups; or by conversion
of the C-terminal carboxyl to another functional group,
e.g. the corresponding alcohol, present as such or in
ether or ester form.

INVENTORS’ PREVIOUS PATENT
APPLICATIONS

In U.S. Pat. No. 4,424,207 compounds are in particu-
lar disclosed of the general formula:

X=—Y=—Pro—Phe—His=—A=—B—Z—W XD

6 7 8 9 10,1112 13

where X and W are various terminal groups, Y (which
is optional) is His or other basic or aromatic amino-acyl
residue, A is a ‘reduced’, keto’, ‘hydroxy’ or ‘hydrocar-
bon’ isostere of a dipeptide, B is a lipophilic amino acyl
residue and Z is an aromatic amino acyl residue.

DEFINITIONS

The following definitions apply both to the descrip-
tion of the invention and to the claims unless otherwise
specified:

(1) The term ‘amino acid’ also includes imino acids
(e.g. proline, spinacin); furthermore, it includes amino
acids of both natural and unnatural origin.

(2) All amino acids may be of either L- or D-configu-
ration unless stated otherwise.

(3) All asymmetric centres may be of either R or S
configuration, unless stated otherwise.

(4) The term ‘alkyl’ includes both branched and
straight chain hydrocarbon groups having 1-6 carbon
atoms.
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(5) The term ‘aryl’ (abbreviated ‘Ar’) means phenyl
or other (including mono- or bicyclic) aromatic groups,
which may be substituted, especially mono-substituted,
with one of the following groups, preferably (when
phenyl) in the 2- or 4-position F, Cl, Br, I, -CF3, -OH,
-OR or -R (R=alkyl).

(6) The term ‘aromatic amino acy!l’ defines amino acid
residues having as side-chain an aryl-methyl (ArCHy),
imidazol-4-yl-methyl or indol-3-yl-methyl group.

(7) All compounds may be in the free form or as
protected derivatives of reactive functional groups such
as amino, imino, carboxyl, hydroxyl etc., including
peptide nitrogen. Furthermore the compounds may be
present in the form of their physiologically acceptable
acid addition salts or other derivatives convertible in
the body to active form. All salts and derivatives are to
be understood in the description and claims to be com-
prehended in the definitions of the compounds them-
selves.

Reference to basic and aromatic amino acids above,
and to amino acids with lipophilic side chains, in partic-
ular includes but is not restricted to the common amino
acids of those classes, viz:

Basic: Arginine
Lysine
Histidine
Phenylalanine
Tyrosine
Tryptophan
Histidine
aNal

BNal

Leucine
Isoleucine
Valine
Phenylalanine
Cyclohexylalanine

Adamantylalanine

Aromatic:

> unnatural

Lipophilic:

} unnatural

It should further be noted that symbols X, Y, A etc.
in formula (XI) and in (XII), (XIV) and (XV) etc.
herein, while generally equivalent where the same sym-
bol is used, are each as defined for their individual for-
mula both in the description and in the claims.

THE PRESENT INVENTION
The present invention is most briefly stated overall as
providing renin-inhibiting polypeptide analogues of
formula

X=D~E=—A——B—Z—W XID
8§ 9

10,11 12 13

where X and W are terminal groups; D, E, B and Z, of
which any one or, except with ‘reduced’ analogues, two
may be absent, are aromatic, lipophilic or (in the case of
E) aromatic, lipophilic or basic amino acid or amino
acid analogue residues; and A is an analogue of a lipo-
philic or aromatic dipeptide residue wherein the peptide
link is replaced by a one- to four-atom carbon or car-
bon-nitrogen link which as such or in hydrated form is
an unhydrolysable tetrahedral analogue of the transition
state of the peptide bond as given above.

The above compounds may be specifically tetra-,
penta- or hexapeptide analogues or for example com-
pounds, without the limitation on two of D, E, Band Z
being absent, wherein groups X and/or W themselves

20

25
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6
contain amino acyl groups such as, for X, Pro or Y-Pro
where Y is His or other basic or aromatic amino acyl
residue or, for W, Ser or Lys, Arg or other basic amino
acyl residue or amino alcohol residue derived there-
from.

The numbering above and in other formulae herein
indicates the relation to the natural renin substrate se-
quence, though without limitation of the invention.

The invention extends further to sundry novel dipep-
tide analogues with the replaced peptide link, both as
such and when used in renin-inhibitory or other peptide
analogues of any length, particularly ‘amino’, ‘cyclic’
and ‘aminostatine’ compounds as referred to herein.

Finally the invention extends to the new compound
3-amino-3-deoxy-statine (‘amino-statine”)

By NH; (X111)

NH;—CH—CH—CH;—COOH

which is 3,4-diamino-6-methyl-heptanoic acid.
SECTION 2—A DETAILED ASPECT

In more detail, the compounds of one aspect of the
present invention, showing desirable renin inhibitory
action, are of the general formula:

X—Y—Pro—Phe—His~——A=——B~—Z~-W \2)

6 7 8 9 10,11 12 13

or the partial sequences:

X—A—B—Z—W V(@)

X~—His—A—B—Z—W V(i)
X—Phe—His—A—B—Z—W (Vi)
X--Pro—Phe—His—~A—B—Z-—-W V)(iv)

40 where Pro, Phe and His may be in the substituted form;

45

50

55

65

e.g. Pro by OH preferably at the 4-position, Phe by OH

F Cl Br or Me preferably at the 4-position, His by Me;

or Phe is replaced by pGlu, Phe by Tyr or His by spina-

cin.

X=H; or an acyl or other N-protecting group e.g. ace-
tyl, pivaloyl, t-butyloxycarbonyl (Boc), benzoyl or
lower alkyl (primarily C{-Cs); or an L- or D-amino-
acyl residue, which may itself be N-protected simi-
larly and in particular may be Gly or D- or L-Pro,
Val or Ile;

Y=D- or L-His or other D- or L-basic or aromatic

amino-acyl residue, or is absent;
llll Il{Z o VD)

= —NH—CH—CHZ—II\I—CH—C
* *

R3

“reduced”
isostere bond

or

R! (VI

| 7
—NH—CH—C

*

R? 0

“keto” isostere

4
CH;—~CH—C
* bond

or
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-continued

R2 (VIID

R! 0o

] | V4
—NH=—-CH—CH(OH)—CHy—CH—C_ “hydroxy”
£ ® -

isostere bond

or

R! R? (o} (IX)
| |
=~ NH—~CH—CH;—CH;—CH—C “hydrocarbon”
* ® isostere bond
or
Rl R2 fo) (1Xa)

“amino”

| | 7
~=NH~—CH—CH(NH;3)~CH;—CH—C
* * isostere bond

or compounds with any of the above five isostere
bonds and, further, cyclised between the nitrogen
adjacent to the R1-bearing carbon and the methylene
adjacent to the R2-bearing carbon by a group -CHj-
(CHy)», -(CH2),-CO- or -CO-(CHz2),, where n=0to 3
where the configuration at asymmetric centres * is ei-
ther R or S, where in VIII the hydroxy group may be
present as such or protected in ether -OR* or ester

lo]
~Q=—C
R4

form where

R#is as given under W below and where

R!and R2, the same or different="Pro (isopropyl), ‘Bu
(iosbutyl), Bzl (benzyl) or other amino-acid side chain
preferably lipophilic or aromatic

R3=-H; lower alkyl (Ci-Cs); or t-butyloxycarbonyl,
benzyloxycarbonyl as such or ring substituted,
-SO;Ph, -SO»-C¢H4CH3(p), formyl or other N-
protecting group including lower acyl C1-Cs gener-
ally;

B=D- or L-Val Leu or Ile or other D- or L-lipophilic
amino-acyl residue;

Z=D- or L-Tyr, Phe, His or other L- or D-aromatic
amino-acyl residue; and

W=(i)-OH as such or in protected ester form as -OR#
where R*=Ilower alkyl primarily C{-Cs and particu-
larly ‘Bu, or cycloalkyl primarily C3-Cs, or Bzl, or
other ester forming group; or (ii) -NHj as such or in
protected amide form as -NHRS or -N(R5); (where
R3=an N-protecting or other substituent group e.g.
lower alkyl as for R* and (R%);=two such or e.g.
cycloalkyl, primarily C3~-C7) or as -NH-(CH2),-Q or
-NR3-(CH2)»-Q (where n=2 to 6 and Q=NH; or

NH
4
—NH—C
NH;

and wherein any of the hydrogens attached to nitro-
gen may be substituted by R or (R5),); or (jii) an L-
or D-serine or D- or L-lysine, arginine or other basic
amino-acyl residue as such or in amide form substi-
tuted amide form or ester form e.g. containing a
group or groups as given for R4 and RS above as the
case may be; or (iv) an amino alcohol residue derived

w
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8

therefrom as such or protected in ester or ether form
e.g. containing a group as given for R4 above or
Z +W=an alcohol derived from L- or D-Tyr, Phe, His
or other L- or D-aromatic amino-acyl residue as such
or protected in ester or ether form as above;
such polypeptide being in the above form or modified
by isosteric replacement of one or more remaining pep-
tide bonds e.g. by reduced, -CH,-NH-, keto,

Ve
—C ,

AN
CHy~

hydroxy, -CH(OH)-CH3-, or hydrocarbon, -CH3-CHj-
isosteric links as set out above for A and further being in
free form or in protected form at one or more remaining
amino or amide (including peptide) nitrogen, carboxyl,
hydroxy or other reactive groups, or in salt form at
amino imidazole or carboxyl groups in particular as
their physiologically acceptable acid addition salt at
basic centres.

The above compounds may in particular be those
related to the substrate sequence in the horse (B=Val at
position 12) or those related to the substrate sequence in
man (B=Ile at position 12). Particular groups of these
compounds are set out in claims 18 and 19 respectively
herein, as formulae VA and VB to which reference may
be made but which are not repeated at this point.

The numbering of residues in formulae (V), (VA) and
(VB) shows the correspondence with the renin sub-
strates themselves, but without limitation of the general-
ity of the formulae.

Where a peptide bond in addition to that correspond-
ing to the Leu-Leu or Leu-Val bond in the natural renin
substrate is isosterically substituted, the 7, 8 and 8, 9
positions i.e. the Pro-Phe and Phe-His bonds in formula
V etc. are preferred, or possibly both of these positions,
and it is further preferred that the substitution should be

—CHz-—-II\I—- )

R3

where Rj is as set out above. The alternative isosteric
substitutions set out herein may however be used.

Protective or substituent groupings as mentioned
above may be any of these known in the polypeptide
art, amply disclosed in the literature and not requiring
discussion at length here. Generally the selection of the
groups is according to their function, some being pri-
marily intended to protect against undesired reaction
during synthetic procedures while the N- and C-termi-
nal substituents are for example directed against the
attack of exopeptidases on the final compounds or to
increase their solubility and hence physiological accept-
ability. All these functions are generally within the term
“protective group” or the like used herein, including
the claims.

It is in particular possible for one or more remaining
peptide bonds in the compounds of formula (V) etc.,
(VA) or (VB) to be N-substituted with protective
groups.

For use in the invention hydroxy or keto isosteres of
dipeptides may be made by a method wherein a deriva-
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tive of a halohydrin preferably a bromohydrin or
haloketone preferably a bromoketone RS R7
I ' |
NH;—CH—CH~—CH;—CH-COOH or
RS RS 0 [
| | 7 5 OH
NHzCH—(IJH—CHzBr or NH;CH—C
6
OH CH;—Br R 0
2 [ 7
s NH;—CH—C R7
i i i id side chai he NH; and
wherein R®is an amino acid side chain and the NH, 10 CHy—CH—COOH

OH groups are in protected form is subjected to an

alkylation procedure to attach a grou; )
y P group as such or in protected form.

The hydroxy isosteres so produced may further be

IIU oxidised to the corresponding keto isosteres.
—CH—COOH 15 In particular the methods may be applied to the pro-
duction of a hydroxy dipeptide isostere of the formula

and gives the desired isostere as such or in protected

form, R7 being the same or a different amino acid side Rl R2 o
chain. . | | V4
In particular the alkylation procedure may be 20 X _NH_SH_?H(OH)"CHZ—SH_C\

(i) by reaction with an alkali metal carboxylic acid w!
derivative preferably a lithium derivative
or the corresponding keto isosteres, where the signifi-
R7 cance of *, X! and Wlis as above except that X!and W!
| 25 4o not represent amino-acyl.

LiCH—COOLi The dipeptide isosteres given by all these methods
may be incorporated in higher peptide analogues by the
methods herein described or by the methods of peptide
synthesis as generally known in the art.

Specific analogues within the present aspect of the
invention, all as such or in protected form, are

where R7 is as above. .
(ii) by reaction with an alkali metal malonic ester
derivative preferably a sodium derivative 30

i}?u iBu
H—His=Pro—Phe—His—NH--CH-CH;—N—CH—CO~Val—Tyr—OH

6 7 8 9 10 RS 1 12 13
(H-76 where R® = hydrogen; H-78 where RS = SO,Ph)

and the corresponding analogue (H-77) with Ré=hy-
drogen and D-His at position 6. A further analogue,
with the same methylene-imino isosteric replacement of
a Leu-Leu peptide bond, is:

COOR?
NaCH 45 iBu (H-79)
COOR® H—Pro—Phe—His—NH—CH—CH,—Leu—Val—Tyr—OH
where R8s an esterifying group and a halide preferably 7 8 9 10 n12 1
an iodide
5o Further analogues within formula (VA) are given in the
R’-1 present disclosure in Examples VI to IX, XI and XII.
. Analogues within formula (VB) are given in Examples
where R7 is as above to give intermediate V and X.

SECTION 3—A FURTHER DETAILED ASPECT

In a further detailed aspect the compounds of the
present invention are of the general formula

f|{6 }|17 55
NH;—CH—CH—CH;—C—COORS3 or

OH COOR?

X—D—E——A——B—Z—W x1v)
1|‘6 /° 60 8§ 9 10,11 12 13
NH;~~CH—C R7
s where optionally Y-Pro is inserted between X and D, Y
CHy—~¢—COOR being D- or L-His or other D- or L-basic or aromatic
amino acyl residue and Pro being as such or substituted

65 by OH preferably at the 4-position or replaced by pGlu

COORS

in protected form which intermediate is then decarbox-
ylated and if desired deprotected to give the desired
isostere

and/or W is serine or L- or D-lysine, arginine or other
basic amino-acyl residue as such or in amide form, sub-
stituted amide form or ester form e.g. containing a
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group or groups as given for R% and R3 above as the
case may be; or an amino alcohol residue derived there-
from as duch as protected in ester or ether form e.g.
containing a group as given for R4 above and where
X=H or an N-protecting group or groups, e.g. as fol-
lows:

(a) R3—(CHp),—, where n = 0-4, or

(b) R3~CO~ or

) R3—0—CO— or

(d) R3—(CHp)—CO— or

(e) R3—(CH3),—0—CO or

() R3—0—(CHy),—CO— or

(g) R38O0~ or

(h) (R3)~N--CO—

In (@)-(h), R? =

(i) H (except in (c)) or

(ii) alkyl (e.g. t-butyl) or

(iii) cycloalkyl C3.7
(e.g. cyclohexyl) or

(iv) bicycloalkyl or tricycloalkyl
C7-12 (e.g. isobornyl or
adamantyl) or

(v) aryl (e.g. phenyl) or aryl
alkyl

(a) absent

(b) aromatic amino acyl (e.g. Phe, aNal, SNal, Tyr,
His, Trp)

{c) lipophilic amino acyl! (e.g. cyclohexyl-alanyl)
(with (b} and (c) either as such or reduced at
carbonyl)

(a) absent or

(b) aromatic amino acyl (e.g. His, Phe, Tyr, Trp) or

(c) lipophilic or basic amino acyl (e.g. 2-amino-
butyryl, a, 5-diaminovaleryl), (b) and (c)
being as such or N@-alkylated and/or reduced
at carbonyl

} where n = 0-5

@ }|14 1]{1 RrR?

|
—N—C—M—C—G!=— where
RS R®
R4, RS and RS the same or different =
(i) Hor
(ii) alkyl (e.g. Me) or
(iii) =(CH2),—OH or —(CH;),~NH;
whenn = 2,3, 4
G! (and G2 appearing below) =
(i) —CHy—(CHy),™ or
(iij) —(CH32),—CO=— or
(iif) —CO-~(CHy),~
R!and R?, the same or different =
(i) alkyl (e.g. ‘Pr, ‘Bu, Bu) or
(ii) ArCH; or
(iii) other lipophilic group (e.g. cyclo-
hexyl-methyl) or
(iv) H (especially for R2)
(i) —CH(OH)~—CH,),— or
(if) —CH(NH2)—(CH3),— or
(iii) —CHy—(CHj3),— or
(iv) —CO—(CHy),—or
(v) =(CH2),—N(R")~—, where
R7=Xor
(vi) —CH(NHj3)—(CH3),~—~CO—NH~—
with the provisos (I) that when M = (i), (jii)
or (iv) and n = 1 then two three or four,
and when M = (v) and n = 1 then three or
four, or D, E, B and Z are present and
preferably that when M = (i), (iii) or (iv)
then two, three or four and when M = (v)
then three or four of said residues are
present
(I1) when M = (i), (ii) or
(iv) then R and R® are H when M = (jii)
or (v) then if one of R4, R5, R®and R7 is
said group ==(CHj3),~—OH or —(CH3),—NHj the
others, the same or different, are H or
alkyl

} where n = 0-3

where
n =0-2
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12
-continued
®R!
/CH -v! R?
- CH—CH—G2— where
\Gl

R!, R2and G!, G2, the same or different, are as

defined above and Y! =

(i) —~CO~ or

(ii) —CHy— or

(iii) —CH(OH)— or

(iv) —=CH(NH3 y— or

(v) —CH,—NR3—(R3 as above)

(a) absent or

(b) lipophilic or aromatic amino acyl (e.g. Val,
Leu, Ile, Phe) either as such or Na-alkylated
and/or reduced at carbonyl

(a) absent or

(b) aromatic amino acy! (e.g. His, Phe, Tyr) or

(c) lipophilic amino acyl (e.g. cyclohexyl-alanyl),
(b} and (c) being either as such or Na-
alkylated and/or reduced at carbonyl,

(a) —OH or other terminal group including those set
out for W in general formula XV

(b) —OR3
} R3 as above
(c) —NH;, —NHR3, —NR33

(d) —I\O where N is part of a heterocyclic ring,

preferably 5- or 6-membered, containing 1-3
heteroatoms (N, O or S) and of any degree of
saturation and optionally substituted with R3—
or R3CH;— groups at one or more positions (R3
as above)

QCH;
CH— IG1

II‘X L where L = (i) —=NH= or

AN 2/ (ii) —O— or
G (i) —NR3—

and R3 and G and G2, the same or different,

are as defined above and

(i) Hor

(ii) C1—4 alkyl or

(iii) aryl or

(iv) imidazol-4-yl- or indol-3-yl

together with compounds in which, when one or more
of the peptide bonds of the chain is represented by a
‘reduced’ isostere, the N atom of such isostere and the
preceding or succeeding N atom in the chain are linked
by a moiety as defined for G! and giving a five or six
membered ring, and together further with compounds
in which (except when M =(j), (iii), (iv) or (v), at least
for n=1) the above residues are present with further, N-
or C-terminal, aminoacyl or aminoacyl analogue resi-
due(s), particularly Pro or J-Pro interposed between X
and D, J being His or other basic or aromatic aminoacyl
residue.

In the above, compounds where, in M, n=1 are pre-
ferred. Of the isosteric links, the hydroxy ones are of
particular value as giving high bonding affinity, from
their close relation to the transition stage of the scissile
(peptide) bond. Other important isosteric links are the
‘amino’, ‘cyclised” and ‘aminostatine’ links where re-
spectively A is (a) and M=(ii); A is (b); and A is (a) and
M=(vi).

These compounds may, further, be in the form shown
or modified by replacement of one or more remaining
peptide bonds by analogues M, e.g. reduced -CH,NH-,
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keto -CO-CHj;-, hydroxy -CH(OH)-CH;, amino
-CH(NH,)-CH,- or hydrocarbon -CH»-CH;- isosteric
linkages. They may be in the free form or as protected
derivatives of reactive functional groups such as amino,
imino, carboxyl, hydroxyl etc., including peptide nitro-
gen. Furthermore the compounds may be present in the
form of their physiologically acceptable acid addition
salts or other de ivatives convertible in the body to
active form. All salts and derivatives are to be under-
stood in the description and claims to be comprehended
in the definitions of the compounds themselves.

Particular compounds of this aspect of the invention,
showing desirable renin inhibitory action, are of the
general formula:

X—Phe—His=—A——B—Z—W xV)

8 9 1011 12 13

where Phe and His are optional (but are not both absent

when A has the ‘reduced’ link below) and may further

be in substituted form e.g. Phe by OH F CI Br or Me,

preferably at the 4-position, or His by Me; or Phe is

replaced by Tyr, or His by spinacin

X=H; or an acyl or other N-protecting group, e.g.
acetyl, pivaloyl, t-butyloxycarbonyl (Boc), benzoyl
or lower alkyl (primarily C;-Cs); or an L- or D-
amino-acyl residue, which may itself be N-protected
similarly and in particular may be Gly or D- or L-
Pro, Val or Ile

R9 RIO
| |

= —NH—CH—M!—CH—C
* »

(o}

where M! is as M above or particularly a ‘reduced’

o
—CH—N~ or ‘keto’ =C

: 38 CHy—

or ‘hydroxy’ -CH(OH)-CHj3-, or ‘hydrocarbon’ -CH;-
CH>- isostere bond where the configuration at asym-
metric centres is either R or S, where in the hydroxy
isostere the hydroxy group may be present as such or
protected in ether -OR!2 or ester

o
~Q~~C
RI2

form where R!2 is as given under W below and
where R? and R19, the same or different="Pro (iso-
propyl), ‘Bu (isobutyl), Bzl (benzyl) or other amino-
acid side chain preferably lipophilic or aromatic;

R1l1=-H or an N-protecting group such as lower alkyl
or lower acyl (C1-Cs), or t-butyloxycarbonyl or ben-
zyloxycarbonyl as such or ring substituted, or aryl
sulphonyl e.g. -SO2Ph or -SO,-C¢H4CHj(p), or for-
myl;

B=D- or L-Val Leu or Ile or other D- or L-lipophilic
amino-acyl residue;

Z=D- or L-Tyr, Phe, His or other L- or D-aromatic
amino-acyl residue; and

W=
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(i) -OH as such or in protected ester form as -OR12
where R12=]ower alkyl primarily C;-Cs and par-
ticularly ‘Bu, or cycloalkyl primarily C3-C7, or
other ester forming group; or

(ii) -NH; as such or in protected amide form as
-NHR!3 or -N(R!3); (where RI13=an N-protecting
or other substituent group e.g. lower alkyl as for
R12, and (R13);==two such or e.g. cycloalkyl, pri-
marily C3-C7) or as -NH-(CH3),-Q! or -NRI3.
(CH3),-Q! (where n=2 to 6 and Q!=NH; or

NH

a
—NH—C

NH3

and wherein any of the hydrogens attached to
nitrogen may be substituted by R!3 or (R13)y); or

(iii) an L- or D-serine or L- or D-lysine, arginine or

other basic amino-acyl residue as such or in amide
form, substituted amide form or ester form e.g.
containing a group or groups as given for R12 and
R13 above as the case may be; or (iv) an amino
alcohol residue derived therefrom as such or pro-
tected in ester or ether form e.g. containing a group
as given for R!2 above; or
Z +W =an alcohol derived from L- or D-Tyr, Phe, His
or other L- or D-aromatic amino-acyl residue as such
or protected in ester or ether form as above.

As with the previously set out general formulae the
compounds may be in the above form or modified by
isosteric replacement of one or more retaining peptide
bonds e.g. by reduced -CH;-NH-, keto

hydroxy -CH(OH)-CH;3-, hydrocarbon -CH-CH>- or
other analogue links M and further being in free form or
in protected form at one or more remaining amino or
amide (including peptide) nitrogen, carboxyl, hydroxy
or other reactive groups, or in salt form at amino imid-
azole or carboxyl groups in particular as their physio-
logically acceptable acid addition salts at basic centres.

Protective or substituent groupings as mentioned
above may be any of these known in the polypeptide
art, amply disclosed in the literature and not requiring
discussion at length here. Generally the selection of the
groups is according to their function, some being pri-
marily intended to protect against undesired reaction
during synthetic procedures while the N- and C-termi-
nal substituents are for example directed against the
attack of exopeptidases on the final compounds or to
increase their solubility and hence physiological accept-
ability. All these functions are generally within the term
“protective group” or the like used in the description
and claims herein.

SECTION 4—DIAGNOSIS AND TREATMENT

The invention further lies

(a) in a diagnostic test aimed at establishing the signif-
icance of renin as a causative or contributing factor in
hypertension or hyperaldosteronism, and a surgical
prognostic test for renovascular hypertension, in which
there is administered a renin-inhibiting analogue ac-
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cording to the invention and blood pressure is moni-
tored, and

(b) in the treatment of various forms of hypertension,
particularly those forms associated with increased ac-
tivity of the renin-angiotensin system, in which there is
administered a renin inhibiting analogue according to
the invention.

The long and short term response of blood pressure
to renin inhibitors is predictive of surgical outcome. In
all cases single and repeated doses and any conventional
form of pharmaceutical composition may be used, for
administration by intranasal or oral route, injection, or
any other means as convenient. Amounts may for exam-
ple be 0.001 to 10 mg/kg body weight (calculated as
free base) daily more usually 0.01 to 1 mg, according to
the potency of the analogue and the severity of the
condition. Dosage unit compositions may contain such
amounts or submultiples thereof to make up the daily
dose.

SECTION 5—SPECIFIC DESCRIPTION

In the following specific description individual
schemes have numbering of the compounds not neces-
sarily related to that of other schemes.

PART A

SYNTHETIC METHODS FOR DIPEPTIDE
ANALOGUES

The inventors have developed synthetic methods for
the isosteric replacement of the peptide bond -CO-NH-
with alternative groups, specifically -CH;-NH- (re-
duced), -CH;CHj;- (hydrocarbon),

(o}
(keto)
CH—

and -CH(OH)-CHj- (hydroxy) isosteres (see, e.g.
Szelke, et al, pp. 57-70 in “Molecular Endocrinology”
Vol. 1, Editors: Maclntyre and Szelke, Elsevier, Am-
sterdam 1977, and Hudson, Sharpe and Szelke, U.S. Pat.
No. 4,198,398 “Enkephalin Analogues™).

Reference may be made to these publications for
general discussion of such isosteric replacement. How-
ever a sequence for the preparation in particular of the
reduced isostere of leucyl leucine for incorporation in
the analogues disclosed herein is for example (scheme

1):

Synthesis of the protected
reduced isostere of L-leucyl-L-leucine

BocLeu—~—OH + H—Leu-—OMeﬂ)%BocLeuLeu—-OMe
r
Bu Bu
I'%BocNHéHCHZNH(‘:HCHZOH
I
iBu By
M-}B cNH(lfHCHzNéH—CHZOH
SO;Ph
ur

5

10

20

25

30

35

45

50

60

65

16

-continued
Synthesis of the protected
reduced isostere of L-leucyl-L-leucine

Bu Bu
KMnO, | !
W' g5 meridine > BOeNHCHCH,—N—CHCOH
@ SO,Ph

v’
*Sodium di(methoxyethoxy) aluminium hydride

(1) Boc-Leucyl-leucine methyl ester

The dipeptide I' was prepared from Boc-leucine. H,O
(27.5 g, 0.11 mole) and leucine methyl ester. HCI (20 g,
0.11 mole) by mixed anhydride coupling using N-
methyl morpholine and isobutylchloroformate. After a
standard work-up procedure the dipeptide I' was ob-
tained as white needles, 35.0 g (88%) from EtOAc/pe-
trol bpt 40°-60°, m.p. 132°-133°

(2) Preparation of compound II’

The dipeptide I' (7.2 g, 20 mmole) was dissolved in
benzene (120 ml, Na-dried). A solution of sodium dihy-
dro-bis-(2-methoxyethoxy)aluminate (SDA, 70% in
toluene, 41 ml) was added slowly with cooling. After
addition, the solution was refluxed for 3 hr, cooled and
poured into 0.5M ice-cold citric acid solution. At pH 2.5
the aqueous solution was extracted with ether (4X) and
the combined extracts were discarded. The pH was
adjusted to 9 with NayCOs3 solution and the aqueous
solution was saturated with sodium chloride. Extraction
with ether (4X), followed by drying (Na;SO4) of the
combined organic phases, evaporation and crystallisa-
tion from petrol (40°-60°) at —20° gave the reduced
dipeptide II": 5.1 g (78%) as white needles.

m.p. 59°-60°.

Nmr (CDCl3) 9.05-9.15 (12H, d, 4X CH3) 8.75 (6H,
m, 2X(CH;3),CH-CHy); 8.55 (9H, s, (CH3)3CO); 7.35
(5H, m, CHzNH CHzOH), 6.05-6.85 (3H, m, 2Xa-CH
and CHZOH), 5.37(1H, d, Boc NH-).

(3) Protection of compound I’ with benzenesulphonyl

The reduced compound II' (11.0 g, 34.7 mmole) in
dioxan (100 ml) was added to a solution of KHCO3 (21
g., 6 equiv.) in H,0O (100 ml). This mixture was cooled
in ice and benzene-sulphony! chioride (9.0 ml, 2 equiv.)
added in dioxan (25 ml) with vigorous stirring. Stirred
at 22° overnight. Poured into ether, washed with 2N
NH4OH (4 x), H20 (1X) 0.5M citric acid (2X to re-
move any unsulphonated material), H2O (1X).

The protected compound III' was obtained as an oil.
Nmr spectroscopy showed the presence of one ben-
zenesulphonyl group. This material was used without
further purification in the next stage:

(4) Oxidation of compound III

The material from the preceding preparation was
taken up in pyridine (50 ml), cooled in ice and KMnO4
(11.0 g 70 mmole) in H,0 (50 ml) and pyridine (100 mi)
added. Stirred for 42 hrs at 20°, The MnO precipitate
was removed and the filtrate diluted with citric acid
solution until acidic. Ether extraction at pH 5 removed
product and starting material. The product IV’ was
obtained by (i) NaHCO;3 extraction—to remove
strongly acidic by-products (ii) extracted with 30% v/v
0.880 ammonia solution (6X). The ammonia washes
contained essentially pure IV’. Starting material remain-
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ing in the ether was re-oxidised for 42 hrs and worked-
up as above.

The total amount of IV’ (isolated by acidifying the
ammonia washes and extracting with CHCl3) obtained
was 2.34 g (20% based on II').

The material was a colourless foam RF 0.41 by TLC
on silica in benzene-dioxan-acetic acid (95:25:4).

Nmr (CDCl3): 8.9-9.3 (12H, m, 4XCH3); 8.2.14 8.8
(15H, m, (CH3)3CO and 2X (CH3):CH-CH»); 5.4-7.0
(4H, m, 2Xa-CH and -CH>-N-); 2.0 and 2.4 (5H, m,
CeHs803), 1.2 “(1H, brs, COzH)

Alternatively, the reduced Leu-Leu analogue IV may
be synthesized by the following method (scheme 2):

BuyATH
Boc—Leu—OMe———>Boc—Len—H_ _H=Leu—OEt
Hy/Pd
charcoal
Bu By
Boc—NH—CH~CH,—NH~—CH—COOEt
(1) PhSOCI
(2) OH~-

v’

The following is a synthetic method for a reduced
Leu-Val isotere by a preferred route (scheme 3):

Synthesis of the Protected
Reduced Isostere of L-Leucyl-L-Valine

BupAlH/Toluene

Boc—Leu=OMe Boc—Leu—H

1

1 (i) H—Val-~0Bzl/THF/Mol. sieve SA
= (ii) NaBH3CN/MeOH/0°

iBu ill’r
BocNH—CH=—CH~NH~~CHCO;Bzl
2

ifliu ill’r
BocNH~-CH—CH;—NH—CH-—CO;H
3

) H,/Pd/C/DMF

, 3,4CLZ—OPCP/DMF/1 equiv. NaOH/37°

iBu iPr
BocNH—CH—CHz—II\ICH—COZP
Cc=0
]
P
CH;
Cl
Cl

[ZS

5

10

15

20

25

30

35

45

50

55

65

18
(1) Boc-L-Leucinal, 1

Boc-L-Leucine methyl ester (22.7 g, 90 mmoles) in
dry toluene (250 ml) under Nz was cooled to —78° and
25% di-isobutylaluminium hydride in toluene (130 mi,
225 mmoles) were added over 25 mins. keeping the
temperature under —70°, The mixture was stirred for 15
mins. at —78° after completion of the addition, then
MeOH (10 ml) was added cautiously. When efferves-
cence ceased the mixture was poured into an ice-cold
solution of Rochelle salt (100 ml of saturated solution
4600 mi H;0). This mixture was shaken until an ex-
tractable solution was obtained. The toluene was sepa-
rated and the aqueous phase re-extracted with ether
(2:X300 ml). Toluene and ether extracts were combined
and dried (NaySO4). The resulting oil was passed rap-
idly through a pad of silica gel in 15% EtOAc/petrol
40°-60°. The crude aldehyde was obtained as an oil,
weight 18.68 g. Nmr showed aldehyde content to be b
85%, therefore yield of aldehyde: 15.9 g (83%).

Nmr (CDCl3), 7: 0.45 (1H, s, CHO); 4.87 (H, br.d.,
Boc NH): 5.83 (1H, br.m., NH- CHCHO); 8.43- 893
(12H, m, (CH3);C, (CH3),CH. CHy); 9.0 and 9.1 (12H,
2xd, (CE3)2CH)

TLC: (solvent 30% EtOAc/petrol 60°-80°),
Rf=0.43.
(2) Boc-L-Leucyl-L-valine benzyl ester reduced
isostere, 2

L-Valine-OBzl (10 mmoles, from EtOAc/IN NaH-
COj3 partition of 3.8 g of p-toluene sulphonate salt) and
Boc-L-Leucinal (2.54 g, 10 mmole aldehyde content) in
dry tetrahydrofuran (20 ml) stood over 5 A molecular
sieve (10 g) overnight. Sodium cyanoborohydride (630
mg, 10 mmoles) in MeOH (3 ml) was added with cool-
ing, then left at room temperature for 30 mins. The
mixture was diluted with methylene chloride (100 ml),
filtered and evaporated to dryness. The residue was
passed down a silica column in 20% EtOAc/petrol
(60°-80°) to remove polar impurities. Isostere contain-
ing factions were combined. Crystallisation from petrol
60°-80° at —20° gave large clusters of needles, 1.52 g
(38%) m.p.

T2 265 (5H, s, OCHxC¢Hs); 6.35 (IH, m,
NHCHCO:Bzl); 7.05 (1H, m, NH-CHCHy); 7.45 (2H,
m, -CH;NH-); 8.25-8.90 (13H, m, (CHj3);CO-)
(CH3)2CHCH2 and (CHz)CH-); 9.05 and 9.15 (12H,
2xs, 2X (CH3)2CH).

TLC: (Solvent:
Rf=0.39.

(3) N-(2S)-t-Butyloxycarbonylamino-4-methylpentyl,
N-(3,4-dichlorobenzyloxycarbonyl)-L-valine, 4

Boc-L-Leucyl-L-valine, benzyl ester-reduced-isos-
tere (1.5 g 3.68 mmoles) in dimethylformamide (60 mi)
was hydrogenated at STP over 5% Pd/C (150 mg).
After 33 hrs. the colloidal solution was flushed with
nitrogen and IM NaOH (3.8 ml, 1.05 equiv.) was added
followed by 3,4-dichlorobenzyl pentachlorophenyl car-
bonate (1.92 g, 4.07 mmoles). The mixture was kept at
50° in a stoppered flask for 24 hrs. and then evaporated
to dryness. EtOAc was added and the Pd/C filtered off.
The EtOAc solution was washed with IM citric acid
(2X), H20 (1X), brine (1 X), and dried (Na2SO4).

The crude isostere 4 was chromatographed on silica-
gel (Merck Keiselgel 60, 40-63 m) eluting with 2%
MeOH/CHCI; to give the title compound as a colour-
less oil.

30% EtOAc/petrol 60°/80%)
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Nmr(CDCl3), 7: 2.5-2.9(3H, m, C¢Cl;H3); 3.3-3.8 N-terminal and hydroxy-group protected Leu-Leu hy-
(2H, br, BocNH and CO2H); 4.85 and 4.95 (2H, 2Xs, droxy isostere 18 (scheme 4):

e i) MLA. e HBr o
Pht—Leu—OH ~e-"iam—>> Pht—Leu—CHN W?h: Leu—CH;Br

13 14 15
NaCNBH;
in THF
contg. 1M HCI
OMe
= o
. | I
‘Bu Bu
*
N~ CH~—CH—CHBr <9 N—CH—CH—CHzb:
OMe i OH
(o]
16
17
[o] predominantly
By one diastereomer
LiCHCO,Li
[0}
| .
’}l3u ’lliu
N—CH-—?H—CHZ—CH-C02L1
- i o OMe
o
18 [o)

M.A. = isobutyl chloroformate/triethylamine
Pht = phthaloyi

40
OCH;-CsClhH3): 5.5-6.32H, m, NHCHCH; and This dipeptide analogue is suitable for incorporation
-NCHCO;H); 6.5-7.2 (2H br, 2Xd, CHCH,N-); 8.2-8.9 into polypeptide analogues, see Example XIII herein.

(13H, m, (CH3);CO, (CH3);CHCH) and (CH3)2CH~), The alternative and preferred reaction scheme below,
8.8-9.4 (12H, m, 2X (CH3),CH). also suitable for other dipeptide hydroxy isosteres was
TLC: (solvent 5% MeOH/CHCl3) Rf=0.32. 45 used to synthesise an N-terminal and hydroxy-group

The reaction scheme below, also suitable for other protected Leu-Val hydroxy isostere 23 (scheme 5):
hydroxy dipeptide analogues, was used to synthesise an

‘Bu . By pr
Pht = N—(I:H—-(]'JH—CHZBr Ei))it;;{;:gjigjnm =>Pht = N—(I:H—(IZH—CHZ—C—COZBur
OThp OThp CO;Buf
19 20

() HCI/EtOH
(ii) BzlBr/NaH

Bu pr TsOH, Bu pr
Pht = N—(IZH—CH—CHZ—CH-—COZH Q‘Lh’%m = N—CH—CH—CHZ—(IS—COZBu’
OBzl (I)l}zl COBu?
2 21
(D) NaHy

(ii) Boc2O
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22

-continued

Bu iPr

] |
Boc—NH=-~CH—CH—CH;—CH~CO;H
OBzl

23
Pht = Phthaloyl,
Thp = Tetrahydropyranyl

In the above scheme the protected bromohydrin 19 is
obtained in the same way as the corresponding interme-
diate 17 in Scheme 4, and is subjected to malonic ester
synthesis and akylation with isopropyl iodide to give
the malonic ester derivative 20. Protection on the hy-
droxyl function is changed from Thp to Bzl to yield 21
and the latter is subjected to protonolysis and decarbox-
ylation. In the resulting isostere acid 22 amino protec-
tion is changed from Pht to Boc yielding the protected
isostere 23 suitable for incorporation into polypeptide
analogues, see Example XIV herein.

Keto isosteres may be prepared for example by the
method of published U.K. Specification No. 1 587 809
(U.S. Pat. No. 4,242,256) of R. Sharpe and one of the
present inventors M. Szelke, to which reference may be
made. Alternatively they may be prepared from hy-
droxy isosteres prepared as disclosed herein and in par-
ticular, in the present Example, from the final product
23 of scheme 5 as in the scheme below (scheme 6):

20

25

30

Bu ill’r 15
: (i) Hy/Pd
Boc—NH~~CH—CH—CH);—CH COZHW
OBzl
23
Bu ipr 40
BM—NH—CH—(I:H—CHZ—CH—COZNa
‘OH
24 45
(i) Py2Cr207
(i) citric acid
By pr
50

] I
Boc--NH—CH—ﬁ—CHZ—-CH—COzH

In the above scheme the benzyl protection is selec-
tively removed from the hydroxyl function of 23 and
the free acid is converted into its sodium salt 24. The
latter is subjected to oxidation by pyridinium dichro-
mate and acidification to give the partially protected
keto isostere acid 25 suitable for incorporation into
polypeptide analogues, see Example XV herein.

Alternatively the keto isostere may be prepared di-
rectly by a modified version of scheme 5 wherein the
bromohydrin 19 is replaced by the bromoketone 15 of
scheme 4 as follows (scheme 7):

(o]
4
Boc—NH~—-C—C

Bu
CH;,Br
15

reacted with sodium isopropyl bis (trichloroethyl) ma-
lonate to give:

Bu (o]
7 .
Boc—NH—'CH—C\ Pr
CH;—C—CO;,Tce
CO3Tce

26

which is (1) treated with zinc/acetic acid and (2) re-
flexed in toluene to give:

By (e}

4 )
Boc—NH—CH—C Pr
CHy~-CH—COH

25

As an alternative to the above scheme 5 the following

25
is preferred (scheme 8):
Pht = phthaloyl
i) MA
(i) CH;N3
Pht=Leu—OH e Pht=Leu—CHN,

L
25

26

\LH:,O"'
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iBu
Pht=N-~CH—~CO=-CH;0'Bu
S
2 98%

\l/ NaCNBH3
-3

Pht= N—CH—(IZH—CHzorBu
OH

Bu

20+ 290 90%

minor diastereomer

3y
(2R, 3S)

*according to
Cram’s rule

By

(2R, 38)

Bu OBz
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-continued

Pht = phthaloyl

] Bu
N H+ |
< Pht=N—CH—CO~CH,0H
27 90%
from 25’
(i) NaH Bu
@BeBr >, ppy=N—CH—CH—CH,0'Bu
0Bzl
302" + 300" 95%

(3:1 mixture of
diastereomers .’:Oix' + 3&7’)

(i) separate major
diastereomer
30a’ on silica

(ii) HF /benzene (28, 3S) + (2R, 3S)

| [
Pht=N--CH~—CH—CH;0Ms ——-———-}Pht=N—CH—CH-—CH2—(I:H

32’ (28, 38)

Bu
Pht=N—CH—(‘JH—-CHZOH
OBzl
31a’ 70%
- (major diastereomer)
28, 38)*
MsCI/Et3sN
iBu
Pht=N-~CH~—CH—CH,0Ms
OBzl
33
28, 38)*
Bu OBzl COyBuf
NaCH(CO>'Bu);
CO,Buf
340’ 671%
s, 58)
\l/"PrI/NaH
Bu OBzl

Bu OBzl Pr

(|302’Bu

. ] .
Pht=N—CH—CH=—CHy—CH~—COH <44 pyi=N—CH—CH—CH;—C—Pri
&

36a' (@ + B) 83%
(a = 28, 4§, 58)
(B = 2R, 45, 58)

N;H4

CO3Bu

352’ 67%
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-continued
Pht = phthaloyl

‘Bu OBzl ipr

Boc0

Bu OBzl ipr

]
HyN—CH—CH—CH;—CH—CO;H % BocNH—CH-—CH-~CH;—CH—CO;H
» .

7' @ + ) 100% 382 (@ + ) 78%
chromatography
on silica
38a'a 38a'8
55% 45%
(28, 48, 58) (2R, 48, 58)

These dipeptide analogues are suitable for incorpora-
tion in polypeptide analogues.

PART B
The following are detailed examples.

ILLUSTRATION OF PREPARATION OF
COUPLED RESIN

20

The Examples are preceded by the preparation of 25

Boc-Tyr[Bzl(2,6Cly)]-O-resin. (Reaction times marked
* are convenient rather than necessary.)

Preparation of Resin

Boc-Tyr[Bzl(2,6Cl»)]-OH (1.65 g, 3.75 mmol) was
dissolved in ethanol (20 ml) and water (5 ml) added.
The pH was brought to 7.0 with cesium bicarbonate
solution and the solvent evaporated in vacuo. The resi-
due was treated twice with toluene and evaporated to
remove the last traces of water leaving a white powder
which was dried for several hours over phosphorus
pentoxide. The residue was dissolved in DMF (65 ml),
chloromethylated resin (10 g, 7.5 mequiv.) added and
the reaction stirred at 37° for four days.

The resin was then filtered and washed thoroughly
with DMF, DMF/water (9:1) and then DMF again.
The resin was then resuspended in DMF (65 ml) and
treated with acetic anhydride (2.36 ml, 25 mmol) and
triethylamine (3.5 ml, 25 mmol) for 3 days.

The resin was filtered, washed thoroughly with
DMF, DMF/water (9:1) and methanol and dried. The
resin was then “defined” by shaking a suspension in
dichloromethane and removing the particles slowest to
float. The resin was then dried.

Yield 10.8 g.

Amino-acid analysis: (12N-HCl/propionic acid 1:1
130°, 2 hours gave an incorporation of 0.11 mmol/g.

EXAMPLES OF PARTICULAR ANALOGUES
EXAMPLE 1
H-His-Pro-Phe-His-Leu-reduced-Leu-Val-Tyr-OH
(H-76)

Boc-Tyr[Bz1(2,6Cl,)]-O-Resin (3 g, 0.6 mmol) was
washed with reagents in the following sequence:
CHxCl, (3%) iPrOH (2X), CHxCl; (3X), 40%
TFA/CH;Cl; 1 min then 20 min, CHCl; (3 X), iprOH
(2X), CHxCl; (3X), 40% TFA/CH,Cl; 1 min then 20
min, CH;Cl; (3X) iPrOH (2X) CH)Clx (3X), 10%
Et;N/CH2Cl, (2XX2 min), CH,Cl; (5 X). Boc-Val-OH
(0.65 g, 3 mmol) was then coupled using DCCI (0.68 g,
3.3 mmol) and HOBt (0.92 g, 6 mmol) in DMF/CH,Cl;
(1:1) for 17 hours. The resin was then washed with
DMF (3X), CH2CI2(3X), iPrOH (2X), CH2Cl; (3X)
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10%, Et3N/CHCl; (2 min), CH;Cl; (5 X) then acety-
lated using acetylimidazole (0.66 g, 6 mmol) in DMF for
1 hour. The resin was then washed with DMF (3X)
CHCl; (3X) iPrOH (2X) and finally CH2Cly (3 X).
This sequence of washes and reactions was repeated for
the addition of each of the residues with the following
modifications.

After deprotection of the Boc-Val-Tyr{Bzl(2,6Cl;}-
O-resin  Boc-NH-CH (CH,CHMe3)-CH;-N(SO»Ph)-
CH(CH,CHMe»)-CO;H (0.42 g, 0.9 mmol) was cou-
pled using DCCI (0.28 g, 1.35 mmol) and HOBt (0.275
g, 1.8 mmol) in DMF/CH;CI; (1:1) for 18 hours, fol-
lowed by acetylation using acetylimidazole (0.66 g, 6
mmol) in DMF for 1 hour.

After deprotection, Boc-His(Dnp)-OH (1.4 g, 3
mmol) was coupled using DCCI (0.68 g, 3.3 mmol) and
HOBt (0.92 g, 6 mmol) for 2 hours, followed by acetyla-
tion for 1 hour.

Deprotection of the histidyl peptide was achieved
using 50% TFA/CHCly instead of the usual 40%
TFA/CH;Cl;. Boc-Phe-OH (0.796 g, 3 mmol) was
coupled using DCCI (0.68 g, 3.3 mmol) and HOBt (0.92
g, 6 mmol) for 174 hours, followed by acetylation for 1
hour.

Deprotection of the phenylalanyl peptide was
achieved using the usual 40% TFA/CH;Cl;. Boc-Pro-
OH (0.646 g, 3 mmol) was coupled using DCCI (0.68 g,
3.3 mmol) and HOBt (0.92, 6 mmol) for 2 hours fol-
lowed by acetylation for 1 hour.

After deprotection Boc-His(Dnp)-OH (1.44 g, 3
mmol) was coupled using DCCI (0.68 g, 3.3 mmol) and
HOBt (0.92 g, 6 mmol) for 14} hours followed by acety-
lation for 1 hour.

The resin was then washed with DMF (3X),
CH,CI(3%) iPrOH (2X), CH2Clx(3%X) and finally
MeOH (3X) and dried to give 3.5353 g of product.

1.2 g of this material was treated with HF at 0° for 1}
hours in the presence of anisol (1.5 ml) then dried over-
night over potassium hydroxide. The resin was then
washed with DMF/water (1:1), acetic acid and finally
acetic acid/water (1:1) to remove the peptide. These
washes were combined and evaporated in vacuo.

The residue was dissolved in DMF (15 ml) and water
(6 ml) thioethanol (5 ml) added and the pH of the solu-
tion brought to 8.0 with sodium carbonate. The reaction
was stirred overnight the solvent evaporated and the
residue applied to a Sephadex G 25 column (72X%2.5
cms) eluted with 50% acetic acid at 18 mls/hr collect-
ing 6 ml fractions. Fractions 27-46 were combined and
the solvent evaporated in vacuo and dried. Then 90%
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of the residue was taken (for the rest see Example III)
and dissolved in anhydrous ammonia (100 ml) and small
portions of sodium wire added until a permanent blue
colour was achieved for 15 seconds. The ammonia was
allowed to evaporate and the residue dried.

The residue was applied to a Sephadex SPC25 col-
umn (77X 1.6 cms) eluted with 30% acetic acid at 40
mlis/hr, with a sodium chloride gradient from 0.01M to
IM over two days collecting 6.6 ml fractions.

The product was contained in fractions 100-104.
These were pooled, evaporated and the residue. dis-
solved in glacial acetic acid and filtered to remove the
sodium chloride. The solution was evaporated and de-
salted on a Sephadex G25 column (72X 2.5 cms) eluted
with 50% acetic acid at 18 mls/hr collecting 6 ml frac-
tions. Fractions 32-6 were pooled, evaporated, trans-
ferred to a vial and lyophilised.

Yield 13.4 mg.

Product Cs52H7409N12.

MW. 1011,25.

Tlc. (silica) Rf 0.15 EtOAc/Pyr/AcOH/H;O
40:20:6:11. Rf 040 nBuOH/Pyr/AcOH/H.O
30:20:6:24.

T.le. pH 2.1 1000 V 30 min mobility 8.3 cm. pH 6.5
1000 V 30 min mobility 7.5 cm.

AAA 6N HCl+phenol 110°, 40 hours, peptide con-
tent 72%.

His: 1.97; Pro: 1.01; Val: 1.02; Tyr: 0.98; Phe: 1.01.

Example II
H-Pro-Phe-His-Leu-reduced-Leu-Val-Tyr-OH (H-79)

Fractions 80-84 of the SPC 25 Sephadex column
from the previous synthesis were combined, evaporated
and the residue dissolved in glacial acetic acid and fil-
tered to remove sodium chloride. The solution was
evaporated and the product desalted on a Sephadex
G25 column (72 X 2.5 cms) eluted with 50% acetic acid
at 18 mlis/hr collecting 6 ml fractions. Fractions 32-9
were pooled, evaporated, transferred to a vial and lyo-
philised.

Yield 23.6 mg.

Product C46Heg703No.

MW 874,10.

Tle (silica) Rf 0.29 EtOAc/Pyr/AcOH/H0
40:20:6:11. Rf 046 nBuOH/Pyr/AcOH/HO
30:20:6:24.

Tle pH 2.1 1000 V 30 min mobility 7.5 cms. pH 6.5
1000 V 30 min mobility 8.3 cms.

AAA 6N HCl+phenol, 110°, 40 hours, peptide con-
tent 85%.

His: 0.97; Pro: 1.08; Val: 0.99; Tyr: 0.97; Phe: 1.00.

The above example illustrates how Y in formulae (V),
(VA) and (VB) may be absent.

Example 111

H-His-Pro-Phe-His-Leu-reduced
(SOzPh)-Leu-Val-Tyr-OH (H-78)

In the synthesis of compound H76 10% of the residue
from the Sephadex G25 column after the HF and thioe-
thanol treatments of the resin was kept.

This material was applied to a Sephadex SPC25 col-
umn (77X 1.6 cm) eluted with 30% acetic acid at 20
mls/hr with a sodium chloride gradient from 0.01M to
IM over 2 days collecting 6.6 ml fractions.

The product was contained in fractions 74-7. These
were pooled, evaporated, dissolved in glacial acetic
acid and filtered to remove sodium chloride. The solu-
tion was then evaporated and desalted on a Sephadex
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G25 column (72X2.5 cms) eluted with 50% acetic acid
at 18 mis/hr collecting 6 ml fractions. Fractions 314
were pooled evaporated, the residue transferred to a
vial and lyophilised.

Yield 0.6 mg.

Product CsgH73011N12S.

MW: 1151.40.

Tilc (silica) Rf 031 EtOAc/Pyr/AcOH/H,O
40:20:6:11.

Tle pH 2.1 1000 v 30 min mobility 5.4 cms.
AAA 6N HCl+phenol, 40 hrs, 110°, peptide content
64%. His: 1.93; Pro: 1.08; Val: 1.05; Tyr: 0.96; Phe: 0.97.

Example IV
H-DHis-Pro-Phe-His-Leu-reduced-Leu-Val-Tyr-OH,
H-77)

The Boc-Tyr [Bzl(2,6,Cl3)]-O-Resin (3 g, 0.6 mmol)
was deprotected and Boc-Val-OH (0.65 g, 3.0 mmol)
was coupled using DCCI (0.68 g, 3.3 mmol) and HOBt
(0.92 g, 6 mmol) for 22 hours* then acetylated with
acetylimidazole (0.66 g, 6 mmol) for 1 hour.

After deprotection, Boc-Leu-reduced (SO,Ph)-Leu-
OH, 1V, (0.4 g, 0.9 mmol) was coupled using DCCI
(0.28 g, 1.35 mmol) and HOBt (0.275 g, 1.8 mmol) for 20
hours, then acetylated for 1 hour.

After deprotection Boc-His(Dnp)-OH (1.44 g, 3
mmol) was coupled using DCCI (0.68 g, 3.3 mmol) and
HOBt (0.92 g, 6 mmol) for 22 hours, then acetylated for
1 hour.

After deprotection, this time with 350%
TFA/CH;Cl; Boc-Phe-OH (0.796 g, 3 mmol) was cou-
pled with DCCI (0.68 g, 3.3 mmol) and HOBt (0.92 g, 6
mmol) for 19 hours* then acetylated for 1 hour.

After deprotection Boc-Pro-OH (0.646 g, 3 mmol)
was coupled using DCCI (0.68 g, 3.3 mmol) and HOBt
(0.92 g, 6 mmol) for 3 hours then acetylated for 1 hour.

The peptide was again deprotected and coupled with
Boc-D-His(Boc)-OH (0.91 g, 2.56 mmol using DCCI
(0.58 g, 2.82 mmol) and HOBt (0.78 g, 5.1 mmol) for 2
hours, then acetylated for 1 hour.

The resin was washed with DMF (3 X) CH,Cl, (3X)
iProH (2X) CH;Cl; (3X) and finally MeOH (3X) and
dried to give 3.6563 g of product.

1.2 g of this material was treated with HF at 0° for 1}
hours in the presence of anisole (1.5 ml) then dried
overnight over potassium hydroxide. The resin was
then washed with DMF, DMF/H;0 (1:1), acetic acid
and finally acetic acid/water (1:1) to remove the pep-
tide. These washes were combined and evaporated in
vacuo.

The residue was dissolved in DMF (15 ml) and water
(6 ml) thioethanol (5 ml) added and the pH of the solu-
tion brought to 8.0 with sodium carbonate solution. The
reaction was stirred overnight, the solvent evaporated
and the residue applied to a Sephadex G 25 column
(72X 2.5 cms) eluted with 50% acetic acid at 18 mls/hr
collecting 6 ml fractions. Fractions 27-46 were com-
bined and the solvent evaporated in vacuo and dried.

90% of the residue was dissolved in anhydrous am-
monia (100 ml) and small portions of sodium wire added
until a permanent blue colour was achieved for 15 sec-
onds. The ammonia was allowed to evaporate and the
residue dried.

The residue was applied to a Sephadex SPC 25 col-
umn (77X 1.6 cms) eluted with 30% acetic acid at 20
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mis/hr with a sodium chloride gradient 0.01M to 1M
over 2 days collecting 6.6 ml fractions.

The product was contained in fractions 88-92. These
were pooled, evaporated and the residue dissolved in
glacial acetic acid and filtered to remove the sodium
chloride. The solution was evaporated and desalted on
a Sephadex G 25 column (72 X 2.5 cms) eluted with 50%
acetic acid at 18 mls/hr collecting 6 ml fractions. Frac-
tions 32-41 were pooled, evaporated, transferred to a
vial and lyophilised.

Yield 46.8 mg.

Difference in yields between “L-His” and “D-His”
compounds was accounted for by a lower incorporation
of the isostere in the “L” case and less removal of the
histidine with Na/NHj3.

Product Cs:H7409N12.

MW 1011,25.

Tlc (silica
40:20:6:11.

Tle pH 2.1 1000 V 30 min mobility 7.7 cm. pH 6.5
1000 V 30 min mobility 7.9 cm.

AAA 6N-HCl+phenol, 110°, 40 hours, peptide con-
tent 93%.

His: 1.98; Pro: 1.00; Val: 1.08; Tyr: 0.97; Phe 0.97.

Rf 0.18 EtOAc/Pyr/AcOH/H;O

Example V

H-His-Pro-Phe-His-Leu-reduced-Val-Ile-His-OH (H
113)

The method is generally that of Example I above but
illustrates formula (VB).

Preparation of Boc-His (DNP)-O-Resin (AH/30/83)

Boc-His(DNP)-OH. (4.74 g, 11.25 mmol) was dis-
solved in ethanol (60 ml) and a solution of cesium bicar-
bonate (2.18 g, 11.25 mmol) in water (15 ml) added. The
solvent was evaporated in vacuo and the residue treated
four times with toluene and evaporated to remove
water before finally drying overnight over phosphorus
pentoxide. The residue was dissolved in DMF (175 ml),
chloromethylated resin (30 g, 22.5 m-equiv.) added and
the reaction stirred at 37° for five days.

The resin was filtered off and washed thoroughly
with DMF, DMF/water (9:1) and then DMF again. It
was resuspended in DMF (175 ml) and treated with
acetic anhydride (7.08 ml, 75 mmol) and triethylamine
(10.5 ml, 75 mmol) overnight.

The resin ester was filtered, washed thoroughly with
DMF, DMF/water (9:1) and methanol and dried. It
was then “de-fined” by shaking it in dichloromethane
and removing the particles in the supernatant. Finally,
the resin was dried. Yield: 30.45 g. A trial coupling with
Boc-Ala-OH, followed by amino-acid analysis (after
hydrolysis with 12N-HCl/propionic acid 1:1, 130°, 2
hrs) gave an incorporation of 0.22 mmol/.

Coupling to Resin Ester

Boc-His(DNP)-O-Resin (2.5 g 0.55 mmol) was de-
protected with 50% TFA/CH;Cly and Boc-Ile-OH
(0.748 g 3 mmol) was coupled using DCCI (0.68 g, 3.3
mmol) and HOBt (0.92 g, 6.0 mmol) for 2 hours, then
acetylated with acetyl imidazole (0.55 g, 5 mmol) over-
night. .

After deprotection with 40% TFA/CHxCl;, Boc-
Leu-reduced (3,4-Cl-Z)-Val-OH, 4 (0.343 g, 0.66
mmol) was coupled using DCCI (0.15 g, 0.73 mmol)
and HOBt (0.202 g, 1.32 mmol) for 16 hours, then acety-
lated for 1 hour.

After deprotection, Boc-His(DNP)-OH (1.26 g, 3.0
mmol) was coupled using DCCI (0.68 g, 3.3 mmol) and
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HOBt (0.92 g, 6 mmol) for 2 hours, then acetylated for
1 hour.

After deprotection again with 50% TFA/CH:Cl,
Boc-Phe-OH (0.796 g, 3 mmol) was coupled with
DCCI (0.68 g, 3.3 mmol) and HOBt (0.92 g, 6 mmol) for
3 hours, then acetylated overnight*

After deprotection, Boc-Pro-OH (0.646 g, 3 mmol)
was coupled using DCCI (0.68 g, 3.3 mmol) and HOBt
(0.92 g, 6 mmol) for 2 hours then acetylated for 1 hour.

The peptide was again deprotected and coupled with
Boc-His (DNP)-OH (1.26 g, 3 mmol) using DCCI (0.68
g, 3.3 mmol) and HOBt (0.92 g, 6 mmol) for 2 hours,
then acetylated overnight.

The peptide resin ester was washed with DMF (3X),
CH,Cl; (3%) iProH (2X), CH2Cl; (3X) and finally
MeOH (3 X) and dried. It was then treated with HF at
0° for 1% hours in the presence of anisole (4 ml) and
dried overnight over potassium hydroxide. The resin
was washed with DMF, acetic acid and acetic acid/wa-
ter (1:1) to remove the peptide. The washes were com-
bined and evaporated in vacuo.

The residue was dissolved in DMF (60 ml) and water
(24 ml), thioethanol (10 ml) was added and the pH of
the solution brought to 8.0 with sodium carbonate solu-
tion. The reaction mixture was stirred overnight, the
solvent evaporated and the residue applied to a Sepha-
dex G25 column (77X 2.5 cms). It was eluted with 50%
acetic acid at 18 mls/hr collecting 6 ml fractions. Frac-
tions 3453 were combined and the solvent evaporated
in vacuo and dried.

Product C49H7203N14.

MW 985,21.

Tlc (silica) Rf=0.63 in EtOAc-Py-AcOH-H20
(15:20:6:11).

AA analysis in accordance with calculated composi-
tion.

Examples VI-IX

These examples illustrate formula (VA). The meth-
ods described herein are applied to condensing Boc-
Phe-H or Boc-Leu-H with H-Phe-OBzl, reducing the
imine link, deprotecting at the carboxyl terminus and
protecting the nitrogen of the reduced peptide link to
give:

| P
Boc—NH~~CH—CH;—N—CH—COH
ZCl

12 R=Bzl

12a R=iBu

ZCly=3,4-dichloro benzyloxy carbonyl

This Phe-reduced-Phe or Leu-reduced-Phe analogue is

then used as follows:

VI Use of 12 (Phe-reduced-Phe) in an analogue other-
wise as H-77 (see Example IV)

VI1I Use of 12a (Leu-reduced-Phe) in an analogue other-
wise as H-77 (see Example IV)

VIII Use of 12 in an analogue as H-76 (Example I), viz:

(H 110)
H—His=Pro—Phe—His—Phe——reduced-Phe—Val~Tyr—OH
6 7 8 9 10 112 13
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IX Use of 12a in an analogue as H-76 (Example I), viz:

(H 115)
H—His=~Pro—Phe==His—Leu—reduced-Phe—~Val—~Tyr—0OH 5
6 7 8 9 10 11 12 13

Example X

This example illustrates formula (VB), the method of 10

Example V being used but with the Tyr resin of Exam-
ples I to IV, to give:

(H 116)
H—His—Pro—Phe~—His=~Leu~~reduced-Val—Ile—Tyr—OH
6 7 8 9 10 11 12 13

Example XI
Use of the methods disclosed herein to give:

H=—Pro—His—Pro—Phe—His—Phe—reduced-Phe~~Val=—Tyr—Lys—OH

5 6 7 8 9 10 11 12 13

this being an analogue illustrating the non-criticality of
the terminal portions of the chain allowing X and W in

15

32
a compound of value in its relation to the Leu-Val struc-
ture at 11, 12 in human renin substrate.
The following example illustrates the synthesis of
hydroxy and keto isosteres.

Example XIII

Taking the product of scheme 4 earlier herein, giving
an N-terminal phthaloyl protected, -OH protected hy-
droxy isostere of Leu-Leu can be coupled direct for
example to valyl tyrosine, followed by removal of the
phthaloyl group, coupling direct to a suitable tri or
tetrapeptide, and deprotection at the -OH group by
mild acid hydrolysis, to give for example analogues
corresponding to H-76 (Example 1), H-79 (Example 2),
H-77 (Example 4). Alternatively the phthaloyl group
may be removed by treatment with hydrazine and a
new protective group, e.g. benzyloxycarbonyl or t-
butyloxycarbonyl attached prior to coupling. The
methods used after the preparation of the protected

20 hydroxy isostere are those of the peptide synthesis art,

(H 108)
14

well known in themselves and exemplified in detail
herein. The compounds specifically prepared are:

formulae (V), (VA) and (VB) to represent further resi- 30 (a) H-His-Pro-Phe-His-Leu-hydroxy-Leu-Val-Tyr-OH

dues. It is a further example of formula (VA).

Example XTI
Use of the methods disclosed herein to give:

35

(H 117)
H—His-—Pro—Phe—His—Leu~reduced-Val=Val=—~Tyr—OH
6 7 8 9 10 11 12 13

(b) H-Pro-Phe-His-Leu-hydroxy-Leu-Val-Tyr-OH
(c) H-DHis-Pro-Phe-His-Leu-hydroxy-Leu-Val-Tyr-
OH

Example XIV

The compound 23 (scheme 5 herein) is incorporated
into an octapeptide analogue by the usual methods of
solid phase peptide synthesis to give:

iBa ipg H 194

]
H-—His=Pro— Phe—His—'NH—CH—(IIH—CHZ— CH—CO~=—Ile~—His—OH

OH

This is a Leu-hydroxy-Val isostere, and the full synthe-
sis may be as set out in scheme 9 below:

Scheme 9

Bom = m-benzyloxymethyl

Pfp = pentafluorophenyl

DMECI = N—dimethylaminopropyl-N’'——ethyl-carbodiimide

OH

His Pro Phe His
Bom Bom
Boc—+—-0OH H-1—OMe Boc—1—OPfip H-—LOMe
DCC1
HOBt
Bom Bom
Boc OMe Boc OMe
2 ¥
Bom Bom
Boc - OH H - OMe
5 DCCl 6
HOBt

Leu Val Ile His
Bom
Boc==+-~OH H-——O0Bzi
M.A.
Bom
Boc OBzl
&
Bzl Bom
Boc OH H OBzl
| 38aa’ or DCCl 7
38’ HOBt
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-continued
_Scheme9
Bom Bom Bzl Bom
Boc OMe Boc DMAP OBzl
8 9a’, 9b’
Bom Bom Bzl Bom
Boc OH H / OBzl
10’ 11a, 11V
DMECI-~HOBt
Bom Bom Bzl Bom
Boc OBzl
12a', 12b’ Hy/Pd
Boc OH
13a’, 13b’ Ht
OH
H OH
14a (from 38aa’) = H-195
14b (from 38aB") = H-194
Structure
H—His Pro Phe His Leu=~OH—Val Ile His—OH
(H 194, H 195)
Compound 13a’ above is H 261
E le XV 25 for H 184, H 185, starting from the methyl ester of
Xample Boc-L-leucine a protected Leu-reduced-Val isostere is

The compound 25 (scheme 6 herein) is incorporated made by the synthetic route set out in scheme 3 herein.
into an octapeptide analogue by the usual methods of 1t is converted to Leu-reduced-Val lle His D-Lys-OH,
solid phase synthesis, the analogue being:

Bu

Pr

His Leu-reduced-Val lle His D-Lys-OH and Phe His

| |
H—His—Pro—Phe—His—NH—CH-ﬁ—CHz—CH— CO—Ile—His—OH

This is a Leu-keto-Val isostere.

Examples XVI-XL

Leu-reduced-Val Ile His D-Lys-OH by standard meth-
ods of peptide synthesis, as illustrated herein. Com-
pounds H 157 and H 184 to H 188 in these examples of

The table following Table 1, shows the structures and compounds represent partial sequences of formula V, as
the activity, of further examples of compounds made by 40 also shown in Example II. The activity of H 157 may be
following the methods set out in detail for correspond- noted; H 184 to H 186 show lower but still potentially
ing sequences in the preceding examples. For example interesting activities.

TABLE 1

Structure ICsp, pM
Ex.. 5 6 7 8 9 10 11 12 13 14 human
XVI1 I-135 H—His Pro Phe His ;.. Rya ile DTyr~OH 1.0
Xvil 140 H—Pro His Pro Phe His Leu g_v al His—NH(CH;);NH3 4.5
XVHI 141 H~Pro His Pro Phe His Leu &V al His—NH(CH,)sNH; 3.0
XI1X 142 H—Pro His Pro Phe His ;.. Rya Ile His Lys—OH 0.008
XX 145 H=—Pro His Pro Phe His . Ry, Ue Tyr—NH(CHp)sNH; 3
XXt 147 H—His Pro Phe His Leu R val Ile His DLys—OH 0.05
XXII 148 H—Pro His Pro Phe His Leu g_yal Ile His—OH 0.01
XXIII 1499 H—DPro His Pro Phe His ;. Ry, le His—OH 0.025
XX1v 152 H—Arg Pro Phe His Leu &Val Ile Tyr—OH 0.55
XXv 153 H—His Pro Phe His Lew By Ie Tyr Lys—OH 0.036
XXVI 154 H—His Pro Phe His Leu -R—Val Ile Tyr Lys—OH 0.17
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TABLE I-continued
XXV 155 H=Pro His Pro Phe His Leu Rovay lle Tyr Lys—OH 0.016
XXvit 156 H—Pro His Pro Phe His Leu Roya Ile Tyr Lys—OH 0.040
XXIX 157 H—Pro Phe His [ R, Il Hi DLys—OH 0.025
XXX 158 H—Pro  His Pro Phe His [ R, Ile Tyr—OH 0.048
XXXI 165 H—His Pro Phe  His R Tl His Lys—OH 0.06
ICsp, uM
Structure hu- ba-
Ex. 5 6 7 8 9 10 11 12 13 14 man boon
XXXII H-168 H—His DPro Phe His Leu Bovar Ile His—OH 55
XXXHI 184 H—Lew Roya Il His DLys—OH
XXXIV 185 H—His [ Ry, Ile His DLys—OH
XXXV 186 H—Phe His Leu Rovar Ile His DLys—OH
XXXVI 187 H—Pro Phe HiS Lo oy Rva Ile His DLys—OH 2.6
XXXVII 188 Ac==Pro FPhe His Lew Reval Ile His DLys—OH 06
XXXVIIL 190 H—Pro His Pro Phe His Lew Bovar ile His DLys—OH 0.1 0.05
XXXIX 191 H—DHis Pro Phe His R Ile His DLys—OH 02 0.15
Leu =Val
XL 192 H~Pro DHis Pro Phe His R Ile His DLys—OH 02 0.2
Leu —=Val
35 PART C
Further Examples
Table 2 below is of examples of compounds with the
modified 10,11 isosteric links disclosed above applied to
hexapeptide or smaller analogues.
TABLE 2
ICsouM
Residue v/s human
Ex. Code X 8 9 10 11 12 13 W renin
XLI H262 H— Leu2lval 1e His Lys—OH 1
OH .
XILII H265 Boc=— Leu=——Val Ile His—OH
OH .
XLII  H266 H— Leu=—==Val Ile His—OH 29
. OH )
XLIV H267 Boc— His Leu Val Ile His—OH
XLV H268 H— His | OH.  ILe His—OH
XLVI  H269 Boc—Phe His Leu-2Lvyy lle His—OH 0.007
XLVII H270 H—Phe His Leuw2:Val I His—OH 5
XLVII H282 Boc—Phe His LeulHGly Ile His—OH 0.3
XLIX  H286 Boc—Phe His Leu2Hval lle Phe—OMe 0.018
L H287 Boc—Phe His Len-Zval 1€ —oMme 0.005
LI H288 Boc—Phe His Lew2Eval Il His—OMe 0.0035
L1l H289 Boc—Phe His Leu K Val Ile His~-OH
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TABLE 2-continued

ICsouM
Residue v/s human
Ex. Code X 8 9 10 11 12 13 W renin
OH .
LIII H290 Boc—Phe Ala Leu——Val Ile His~OH

LIV H291 Boc~~Phe Phe Leu OH Val Ile His~OH

LV H294 Boc—Phe His Leu——-Val Te His—OH

The synthesis of the reduced, keto, and hydroxy ana- 15 tive of a halohydrin, preferably a bromohydrin, or

logues in the above table is generally by the methods haloketone, preferably a bromoketone, gives the desired
given earlier herein, the dipeptide analogues being pre- isostere as such or in protected form.

pared first and incorporated in the full sequence by A further, preferred, synthesis of hydroxy and hence
essentially standard methods of peptide synthesis. In keto dipeptide isosteres is given below, applied to Leu-
particular hydroxy or keto isosteres of dipeptides may hydroxy-Val and referring to scheme 10 following,
be made by the method given earlier wherein a deriva- which is a later version of scheme 8 herein.

Scheme 10

Pht=Leu—OH 83) g‘ﬁ*z - Pht=Leu—CHN;
0 @O —_— 41
\LH30+
f]|3u 0 i]|3u
Pht==N—CH—CO—CH30'Bu S - Pht=N--CH—CO—CH,0H
é__._z_
43 L) 98% 42 90%

from 40

\LNaCNBHg
() NaH Bu

Bu  R.S) ' .
| * (i) BziBr > | *
Pht=N-~CH--CH—CH;0'Bu Pht=N—CH—(I:H—CH20‘Bu

@ oH OBzl
442 + 44b 90% 452 + 45b 95%

(3:1 mixture of
diastereomers)

(i) separate major
diastereomer 45a 45b

45a on silica
(i) H+/benzene | PR30 + @530

minor diastereomer Bu
2
46b Pht==N—CH—CH—CH,0H
(28, 3L)
3 0Bz
*Configuration at
C-2 determined by Aba 70%
X-ray (2R, 3L) _ (major
crystallography diastereomer)
MsCI/Et3N
47b
@S, 3L)
Bu

|
Pht=N-—CH--CH—CH20Ms
OBzl

47a
(2R, 3L)
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-continued
Scheme 10
Bu OBzl NaCH(CO»'Bu); Bu OBzl CO,Bu!
Pht=N—CH—CH-—CH;0Ms Pht=N-—CH—CH—CH2—?H
3 2 5 4 CO,Bu*
47a (2R, 3L) 48a
(S, 5L) 67%
\LfPrI/NaH
Bu OBzl iPr £H+/A Bu OBzl CO3'Bu
Pht=N--CH—CH—CH;—CH~COH Pht=N—CH-—CH—CH;~C—Pr/
*
54 2 CO2'Bu
502 (@ + B) 83%
( 2L, 48, 5L) “a §7%
a = y &, N
(8 = 2D, 48, 5L) \L 2Hs
h I BocyO i Bzl ip
Bu OBzl Pr ; Bu OBz g
H;N—CH—CH—CH;~CH—COH BocNH-~CH—CH-—CH;—CH—CO>H
Ed x
Sla(a + B) 100% 52a (a + B) 8%
chromatography
on silica
la 1b
55% 45%
(2L, 45,5L) (2D, 48, 5L)

Synthesis of Protected Leu-OH-Val la

(1) Phthalimido-ketol 42

(2) A solution of phthaloyl-L-leucine (60 mmol) in
.. ethyl acetate (150 ml) was cooled to — 10° C., N-meth-
yl-morpholine (60 mmol) was added followed by Iso-
butyl chloroformate (60 mmol) at such a rate that the
temperature never exceeded —10° C. After 10 mins. at
—10° C., the N-methyl-morpholine hydrochloride was
filtered off and the solution of mixed anhydride poured
into a solution of diazomethane (approx. 130 mmol,
dried over KOH pellets) in ether (500 ml). After 3 hours
at 22° C,, the solvent was evaporated and the crude
diazoketone 41 was obtained as an orange oil. IR Spec-
trum (film) vmax 2100 cm—1.

(b) The above diazoketone was dissolved in dioxan
(200 ml), IM H3S04 (100 ml) added and the mixture was
heated at 75° for 30 mins. The reaction mixture was
cooled, its pH adjusted by the slow addition of NaH-
COs3to 5 and the dioxan was evaporated. The remaining
aqueous solution was extracted with ethyl acetate, the
extracts were washed with water and brine, dried over
Na;80j4 and evaporated. The crude ketol 42 was crys-
tallised from ether-petrol to give pale yellow platelets.
In a subsequent preparation of crude ketol was found to
be satisfactory by TLC (in petrol (60°-80°) containing
30% ethyl acetate) and was used without crystallisation.

(2) tert-Butyl ether 43

The ketol 42 from (1) (b) (50 mmol) was dissolved in
dichloromethane (50 ml), cooled to —78° C. and liquid
iso-butene (50 ml) and concentrated sulphuric acid (0.5
ml) were added. The reaction mixture was stoppered
and kept at 22° C. for 72 hrs.

The reaction vessel was cooled and opened, and the
pH of its contents was adjusted to 5 with NaHCO3. The
product was extracted with ether; ethereal extracts

35

45

50

55

65

were washed with water, brine, dried over Na;SO4 and
evaporated to yield the tert-butyl ether (98%).

(3) Diols 44a and 44b

A solution of the tert-butyl ether 43 (50 mmol) in
tetrahydrofuran (150 ml) was cooled to 0° C. To it were
added IM HCI (25 ml) followed over a period of 20
mins. by NaCNBH3 (250 mmol) in a mixture of tetrahy-
drofuran (100 ml) and water (20 ml). After stirring for 2
hrs. the pH of the solution was adjusted to 4, tetrahy-
drofuran was evaporated in vacuo, the residue was
triturated with ether, the ethereal solution was washed
with water and brine, dried and evaporated. A 3:1 mix-
ture of the two diastereomers was obtained in 90%
yield, the major component being the desired 2R,3L
compound 44a. Progress of the reduction was moni-
tored by TLC in chloroform.

(4) Benzyl ethers 45a and 45b

(a) A mixture of the diastereomeric alcohols from (3)
(40 mmol) was azeotroped three times with dry benzene
and then dissolved in dry dimethyl formamide (100 ml).
Under dry nitrogen, NaH (1 equivalent) was added with
cooling in ice-water. After all NaH had reacted
(approx. 10 mins.), benzyl bromide (1.5 equivalents) was
added. The reaction mixture was stirred at 20° C. and
the progress of benzylation was monitored by TLC in
chloroform: petrol (60°-80°)=4:1 or in petrol (60°~80°)
containing 10% ethyl acetate. It was complete after 2.5
hrs., when the reaction mixture was cooled, acidified
with 1M citric acid and evaporated in vacuo. The resi-
due was taken up in ether, washed with water and brine,
dried and evaporated.

(b) Separation of the diastereomers 46a and 46b. The
mixture from (a) was adsorbed onto silica, dried in
vacuo and added to the top of a dry-packed column,
which was eluted with petrol (60°-80°) containing 5%
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41
ethyl acetate. The major diastereomer 45a was eluted
from the column first. Configuration at C-2 and C-3 was
determined by X-ray crystallography and was found to
be 2R, 3L for the major diastereomer 45a.

(5) Mesylate 47a

(a) A solution of the major benzyl ether 45a (20
mmol) in dichloromethane (50 ml) was treated in an
atmosphere of nitrogen with trifluoroacetic acid (50
ml). After 1.5 hrs. the reaction mixture was evaporated
to dryness, and the residue taken up in ethyl acetate.
The solution was carefully washed to neutrality with
1M NaHCO3, water and brine, dried and evaporated to
give the alcohol 46a. The latter can be crystallised from
ethyl acetate-petrol (60°-80°) to furnish colorless nee-
dles, but chromatography on silica may be necessary to
obtain a higher yield.

(b) A solution of the alcohol 46a from (a) (20 mmol)
in dichloromethane (100 ml) was cooled to 0°, triethyl-
amine (2 equivalents) and methane-sulphonyl chloride
(1.1 equivalents) were added and the reaction mixture
was stirred at 22° for 1 hr. It was evaporated, the resi-
due dissolved in ethyl acetate, this solution washed with
water and brine, dried and evaporated to leave an oil
which crystallised on standing. The latter was recrystal-
lised from dichloromethane-petrol (60°-80°) to give the
mesylate 47a as glistening plates (90%).

(6) Malonic ester 43a

Di-tert-butyl malonate (24 mmol) was added to a
slurry of sodium hydride (24 mmol) in 1,2-dimethoxye-
thane (120 ml) under dry nitrogen. After 10 mins., crys-
talline mesylate 47a (20 mmol) was added and the mix-

5

10

20

25

ture was refluxed under nitrogen. Progress of the alky-

lation was monitored by TLC in chloroform-petrol
(60°-80°) (7:3), the RF of the product being slightly
higher than that of the mesylate. Reaction was complete
after 24 hrs, when the mixture was cooled and poured
into 1M citric acid solution. Solvents were evaporated
in vacuo, the residue taken up in ethyl acetate, washed
with water and brine, dried and evaporated to yield
crude malonic ester 48a. The latter was purified by
chromatography on a dry column of silica as described
above for 45a in section (4) (b). Elution was carried out
with chloroform-petrol (3:2) to give pure 48a in 67%
yield as a colorless oil.

(7) iso-Propyl malonic ester 49a

Malonic ester 48a (15 mmol) was azeotroped three
times with dry benzene, dissolved in dry tetrahydrofu-
ran (50 ml) and added to a slurry of sodium hydride (1.1
equivalents) in tetrahydrofuran under dry nitrogen.
After refluxing for 20 mins., isopropyl iodide (10 equiv-
alents) was added and the mixture refluxed for a further
hour. After cooling, IM citric acid solution was added,
the solvent evaporated and the residue taken up in ethyl
acetate. After washing with water and brine and drying,
ether was evaporated to leave the iso-propyl derivative
49a as a colorless oil (67%). Purity was checked by
TLC in chloroform-petrol (7:3), and the product was
either used directly in step (8) or, if necessary, first
purified by chromatography on silica in chloroform-
petrol (60°-80°) (3:2).

(8) Phthaloylamino carboxylic acids 50a a and S.

The di-tert-butyl ester 49a (15 mmol) was treated
with 50% trifluroacetic acid in dichloromethane (100
ml) under nitrogen for 1.5 hrs. to remove the tert-butyl
ester groups.

This mixture was evaporated to dryness, the residue
dissolved in toluene and refluxed for 6 hrs. Decarboxy-
lation was monitored by TLC in chloroform-methanol-
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42

acetic acid (62:4:1). On completion, the reaction mix-
ture was evaporated to dryness, the last traces of sol-
vent being removed by pumping in high vacuum. A
mixture of the epimeric acids 50aa and 50a8 was ob-
tained as an oil, and was either used directly in step (9)
or, if necessary, purified by chromatography on silica
using chloroform-methanol-acetic acid (97:2:1) for elu-
tion.

(9) Amino carboxylic acids 51aa and 8

The phthaloyl derivatives 50aa and 8 (10 mmol)
were dissolved in ethanol (80 ml) and treated with hy-
drazine hydrate (10 equivalents) under reflux for 1.5
hrs. Removal of the phthaloyl group was monitored by
TLC in chloroform-methanol-acetic acid (62:4:1). On
completion, the reaction mixture was cooled, water was
added to dissolve the precipitate formed, solvents were
removed in vacuo and the residue was dried in vacuo
over concentrated H2SO4 overnight. It was dissolved in
the minimum amount of water, extracted with ether (10
ml), acetic acid was added to pH=4, the mixture cooled
and the precipitated phthaloyl hydrazide was filtered
off. Evaporation of the filtrate yielded a mixture of the
amino acids Slaa and 8.

(10) Boc-Amino acid 1a

(a) Excess KHCO;3; was added to a solution of the
amino acids 51a in water (20 ml), followed by di-tert-
butyl dicarbonate (excess, depending on the amount of
residual hydrazine present in 51a) dissolved in dioxan
(20 ml). On completion of the reaction the pH was
adjusted to 4, solvents were evaporated, the residue was
dissolved in ethyl acetate and the solution was washed
with water and brine.

After drying, the solvent was removed in vacuo, the
residue triturated with petrol (60°-80°) and any N, N'-
bis-Boc-hydrazine present removed by filtration. Evap-
oration of the petrol yielded crude Boc-acids 52aa and
B. These were dissolved in ethyl acetate, N,N-dime-
thylaminoethylamine (approx. 2 g) was added to react
with the excess di-tert-butyl dicarbonate present, and
after 20 mins. the solution was extracted with 1M citric
acid. It was washed with water, brine, dried and evapo-
rated to give 52aa and B as a pale yellow oil.

(b) The above mixture of epimeric acids was sepa-
rated by chromatography on silica gel (40-60p, dry-
packed column) eluting either with petrol containing
20% ethyl acetate (and possibly a small amount of
acetic acid to prevent trailing), or with chloroform
containing 2% methanol. Separation was monitored by
TLC in chloroform-methanol-acetic acid (97:2:1). The
more polar component was the required 2L, 4§, 5L
epimer la.

H262 (Example XLI)

The Leu-OH-Val dipeptide isostere is prepared as
given above and converted to Leu-OH-Val Ile His
Lys-OH by, again, standard methods.

H265 and H266, H267 and H268, H269 and H270
(Examples XLII-XLVII)

These compounds, three pairs of respectively N-Boc
protected and free N-terminal NH; isosteres, all with
C-terminal Ile His-OH, are made starting with the pro-
tected Leu-OH-Val isostere prepared as given above.
The synthesis is by methods in substance those of
scheme 9 herein.



4,713,445
43 “4

Has, (Example X1 VIIT) H290, H291 (Examples LII, LIV and H294 (Example

This analogue contains Leu-OH-Gly, which is syn- Lv)
thesised according to Scheme 10 except that the alkyla- These syntheses are that of H269 modified to couple
tion step with isopropyl iodide producing 49a from 48a 5 Ala or Phe to the Leu of the dipeptide isostere residue
is omitted, the synthesis proceeding on 48a. Otherwise instead of His, or in the case of H294 simply using the

the synthesis is as for H269. Leu-R-Val isostere of H184, H185 in place of the hy-

i i is otherwi t of H269.

F286, H287, H288 (Examples XLIX-LI) droxy isostere in a synthesis otherwise as that of H269
PART D

These compounds, containing Leu-OH-Val isosteres, 10
are made essentially as H269. Examples with Isosteric Links Differing from the

H289 (Example LII) Preceding

The Boc-Leu-keto-Val isostere made according to The following examples are of renin-inhibiting pep-

tide analogues containing isosteric links different from

Scheme 7 is used in a synthesis like that of H269. 15 those described earlier herein. A table of structures,
table 3, is followed by details of syntheses.
TABLE 3
Ex. Structure
LVI . NH;
Boc—Phe His Leu Val Ile His=-NH;
8 9 10 11 12 13
LviI . NH;
Boc—Phe His Leu Val lle—=NH--CH;CH;Ph
8 9 10 11 12 13
LVIII Me NH; )
Boc—Phe Phe Leu Val Ile=—NH-—CHCH;~(2-pyridyl)
8 9 10 11 12 81
LIX Boc—Phe His Ast(®) Ile His—OH
8 910 11 13
LX Boc—Phe His Ast® Ile His—OH
8 910 u 13
LXI Boc=—"Phe His—~N—CH(‘Bu)~CHy—NH~CH(Pr)—CO~Ile His—OH
CH,CH);NH;
g8 9 10 11 12 13
LXII Bzl
>ﬂ Bzl
HN N—CH—CO—Leu-2va 1R mis—omn
\/ 8,9 10 11 12 13
l
o
LXI1 ImCH,
Bzl >—\ By OH "1|>r
Boc=—NH-~CH—CH;—N N-=CH—CH~CHy—CH—CO—Ilc-&- Phe—NH,
8 \/ 9,10 1l 12 13
i
o
LXIV ImCH;

I
Boc—Phe—N N—CH— CH—-CHZ—CH—CO—'I]e—- Phe—NH;

>—\ u ipr
u

8 11 12 13
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TABLE 3-continued
Ex. Structure
LXV Bu OH
ipr
Boc—Phe His—N CH—CO—1le-ME~ Phe—~NH,
8 9 10,11 12 13
LXVI Bzl 0
> V4
Boc—Phe Abu Leu-2L-val Ile=-N o

10 11 12

13

A synthesis route to the novel amino isostere
-CH(NH,)-CH;- is illustrated in Scheme 12 below
which shows the preparation of the protected

NH, 25 Synthesis of protected amino isostere 11 is by reduc-
Leu——=Val tive animation of the Boc-Leu-keto-Val isostere of
. . . . Scheme 17 using ammonium acetate and sodium cyano-
isostere 17. The latter can be incorporated into peptides, borohydride or by the following scheme:
Phthalic ‘1|3“
L—Leucinol —gahydride ~, Pht==N—CH—CH,0OH
" 13 | (1) TosCl—Py
(2) NOz~
. . ipr .
‘Bu NO; ‘Pr ‘Bu
HyC==C—CO0'Bu |
PhtN—CH—CH—CH;—CH~-CO0,Bu ﬁ—e——— PhtN—CH-—CH;—NO;
* *
(M H*
15*RS | ) H,pa—C 14
(3) Z—ONSu
. . (1) separate epimers . .
Bu NHZ ipr ) NoHy Bu NHZ ipr
(3) Boc2O

ool
PhtN—CH—CH—CH;—CH—CO,H—~
» *

16

e.g. into the compounds of Examples LVI to LVIII by
standard methods of peptide synthesis as described
herein.

Correspondingly, Scheme 13 shows the synthesis of 55
protected 3-amino-3-deoxy-statine, and in the analogues
of Examples LIX, LX.

The compound of Example LXI is essentially a ‘re-
duced’ isostere of the kind described earlier herein but
with an amino-ethyl substituent on the peptide nitrogen 60
of residue 10.

The syntheses of the novel cyclic structures repre-
senting one or two residues in the backbone and present
in the compounds of Examples LXII-LXVI are shown
in Schemes 14-18. Again, incorporation into the final
sequence is essentially by standard methods. These cyc-
lic structures serve to stabilize the enzyme-bound con-
formation of each transition-state analogue, and to ren-

65

der the peptide backbone more resistant to attack by
peptidases.

Scheme 12 (Examples LVI-LVTIII)

~»BocNH—CH—CH—CH;~CH—CO;H

17

As noted above the isostere 17 is incorporated into
the full sequence of these examples by the standard
methods of peptide synthesis, with the C-terminal free
in the compound of Example LVI (His) and protected
by -CH>CH,Ph and -CH,CH,-(2-pyridyl) in Examples
LVII, LVIII(Ile). In the C-terminal sequence

Me

Boc—Phe Phe—

(Example LVIII), the methyl is on the peptide nitrogen
of the Phe-Phe link.

Scheme 13 (Examples LIX, LX)

(A) Synthesis of protected 3-amino 3-deoxy-statine
39.
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(1) COImg
(2) CO;Me
CH,CO,— M
Boc=Leu—OH —2 PR
Bu | (1) NaCNBH3

48

Bu

I
Boc—NH—CH—ﬁ—CHz—COzMe

36

NHstOAc—
MeOH

Bu

Boc-—NH—CH—?H-CHz—COZMe 2) Z—ONSu Boc-—NH—CH—CIZ=CH-C02Me

NH=—Z
38 J/OH_ *R+ 8 37
Bu
Boc—NH—CH-—-CH—CH,;—CO;H
NH—Z

39

(B) Incorporation of 3-amino-3-deoxy-statine 39 into
H-292 and 293.

39 is first coupled via DCCI/HOBt to H-Ile-His(-
Bom)-OBzl, deprotected at the N-terminus with HCI-
dioxan and then extended by stepwise coupling of Boc-
His(Bom)-OH and Boc-Phe-OH. The protected peptide
is separated into the two epimers differing in configura-
tion at the carbon atoms bearing the amino substituent,
and each one is deprotected by Hy/Pd-C in the presence
of semicarbazide to give, respectively, H-292 (Example

LIX) and H-293 (Example LX).
Scheme 14 (Example LXII)
Boc—Phe—H H—Phe—Leu2 Val— OTce
Bzl
i8
(i) NaCNBH;
i) HY
(iii) COCly
(iv) Zn/AcOH
Bom
Boc—His—H
20 4+
H=—Leu
21 |

25

30

35

40

OH

Bzl

NH;

-continued
\l/

| Bzl
(e}

N—CH—-CO—Leulg—Val—OH

19

The analogue 18 is first made by the methods de-
scribed herein, then converted to the cyclic form, as
shown, before reaction with an

eR-His

dipeptide analogue to give the analogue of Example
LXIL

Scheme 15 (Example LXIII)

Bom
(i) NaCNBH3 R OH
Val—OMe D Troo—Cl Boc—Hls‘—Leu | Val—OMe
Troc Bzl
22

@) Ht+
(ii) Boc—Phe—H
(iif) NaCNBH;3

Bom

|
Boc-—Phe-—— HlsI—R—Leulo—H-Val—OMe

Troc Bzl

23

(i) Zn/AcOH
(ii) COCly
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-continued
Ilm(Bom)
CHj; -
1I3z1 ‘Bu OBz Pr

Boc—NH—CH—CH,—N N-—=CH—CH—CH;—CH—COMe
24 \/

[

o

The synthesis above is followed to give compound 24 -continued

then the final amide protected residue

1leM&-pre—NH,

attached, deprotecting as necessary to give the ana-
logue of Example LXIIL

Scheme 16 (Example LXIV)

Bom
Boc~His—H H—LeuﬂVal—OTce
20 25 |
Bzl
(i) NaCNBH;
(o]
/
(ii) Br—CHy;—CH
\
(o]
A%
Ilm(Bom)
CH, Bu OBzl ipr’

Boc—NH—CH—CH;—N—CH—CH—CH;=—CH—CO;Tce

26
(8]
/
CHy~CH
\
[0
@HHH
(ii) NaCN/BH3
\'4
Im(Bom)
CH»
"?u (I)le iII’r
H—N N—CH—CH—CH;—CH—CO;Tce
27 \ /

Compound 27 is synthesised as above then N-termi-
nal Phe and C-terminal

Tle—R~Phe

residues are attached by the methods described herein
giving, after deprotection, the compound of Example
LXIV.

Scheme 17 (Example LXV)

_(@) ImyCO ~
IE6) (|302Me

Boc—Leu—OH
éMg ++
CH;CO;—

15

20

25

30

35

45

50

55
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Bu CH(R)COO‘Bu

Boc—NH—CH—CO—CH—CO;Me
28

(iiij) NaH + BrCH(R)COO'B AcOH, A
Bu /o
B
CH—CO.H
]
o
30
SDA
Bu OH
R () Boc0

f ii) Trt—Cl
CH—CH0H Gy mo i

Bzl
Bu (l)
R
Boc—N (‘IH—CHz—O—Trt
32
@) H*

(ii) oxidation

Bzl
|

Boc—N CH—CO,H

33

R = H in this instance
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The compound 33 is synthesised as shown then N-ter-
minal Phe-His and C-terminal

Ile Me

Phe

residues attached by the methods described herein giv-
ing after deprotection the analogue of Example LXV.

Scheme 18 (Example LXVI)

O—CH;
BrCH,—CH
—CH
Boc=—=Phe—~0O~ Cst o—cth
O—CH3
/
Boc—~Phe—~0O-—CH;~~CH
0O—CH;
34 /
() HF
(2) NaCNBH;
Bzl o]
4
H—N (o]
35

The Leu-OH-Val dipeptide analogue is made as given
in detail earlier herein and the analogue of Example
LXVI made by the methods given, compound 35 giving
the C-terminal and the Phe-Abu the N-terminal resi-
dues.

TABLE 4
ABBREVIATIONS
Abu 2-Aminobutyryl
Boc t-Butyloxycarbonyl
Bom -Benzyloxymethyl
‘Bu i-Butyl
SBu s-Butyl
Bu t-Butyl
Bzl Benzyl
Im Imidazol-4-yl
OH Hydroxy isostere,
Leu ===Val  CH(OH)CHy— in place of —CONH—
K Keto isostere,
Lew =Val COCH;— in place of —CONH—
Me N—DMethyl peptide,
Leu Val  CONMe— in place of ~CONH—
NH; Amino isostere,
Leu Val —CH(NH;)CHy— in place of —CONH—
Me Methyl
Ms Methylsulphonyl
NBS N—Bromosuccinimide
Ph Phenyl
Pht Phthaloyl
Pr i-Propyl
SDA Sodium dihydro-bis(2-methoxyethoxy)-aluminate
Tce 2,2,2-Trichloroethyl
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TABLE 4-continued
ABBREVIATIONS

Thp Tetrahydropyranyl
Troc 2,2,2-Trichloro-ethoxycarbonyl
Trt Triphenylmethyl
Ts p-Toluenesulphonyl
z Benzyloxycarbonyl
Ast 3-Amino-3-deoxy-statine

HzN—CH(’Bu)—gH(NHz)—CHz—COOH

*(R) or (S)
DMECI N~—dimethylaminopropyl-N!=-diethyl

carbodiimide
Pfp Pentafluorophenyt
BNal 3-(2-naphthyl)-alanine

CHz-—(IZH—COOH
NH»
aNal 3-(1-naphthyl)-alanine
CHz—-(IJH- COOH
NH3

Further ‘Pro’ or ‘proline’, outside the formula of
specific individual compounds, includes substituted
(particularly-OH substituted) proline and its ring homo-
logues azetidine carboxylic acid (one-CHa-less) and
piperidine carboxylic acid (one-CHj-more).

ACTIVITY IN VITRO

Preliminary activity test results in the human reninre-
nin substrate reaction in vitro are given, with compara-
tive figures for the tetrapeptide analogue (III). The
results are expressed as the ICso (the molar concentra-
tion required to cause 50% inhibition), and are given in
part below in Table 5 and in part in the course of the
specific description earlier (Tables 1, 2).

METHOD

The test results given herein are based on the meth-
ods described by J. A. Miller et al in Clinica Chimica
Acta (1980) 101 5-15 and K. Poulsen and J. Jorgensen
in J. Clin. Endocrinol. Metab. (1974) 39 816, and is
based on the measurement, by radioimmunoassay, of
angiotensin-I released from human renin substrate by
human resin in human plasma. The inhibitor is dissolved
in 0.01N HCI (10 pl) and added to hmman plasma (75
ul) containing EDTA, and angiotensin-I antibody (15
pD) in 3M-Tris/HCI buffer (pH 6.9).

After incubation at 37° C. for 0-120 minutes, the
enzymic reaction is quenched by the addition of ice-
cold 0.25M Tris/HCl buffer (pH 7.4) containing 0.01%
of bovine serum albumin. 125I-labelled angiotensin-I is
added, followed by equilibration at 4° C. for 48 hours.
Free and bound ligand are separated by the addition of
dextrancoated charcoal, and the amount of bound ra-
dio-ligand determined in a gamma counter.

TABLE 5
Results
Analogue 1Cso
Example I (H-76) 1.0 uM
Example II (H-79) 17.0 uM
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TABLE 5-continued
Resuits
Analogue ICsp

Example III (H-78) 1.5 pM
Example IV H-77) 1.0 pM
Example V (H-113) 0.26 pM**
Example VI — *
Example VII — *
Example VIII (H-110) 1.3 uM
Example IX (H-115) 2.5 uM
Example X (H-116) 0.20 pM
Example XI (H-108) 0.05 pM
Example XII (H-117) 1.5 uM
Example XIII (a) — *

®— *

©— *
Example XIV (H-104) 0.0024 pM
Example XV — *

*Preliminary indication of comparable activities.

**The corresponding non-isosteric peptide has for example been tested and shows a
potency over three orders of magnitude less (ICsq 400 uM)

(Comparative) I 822 uM

These results are most notable, showing a potency, in
the reduction of renin activity remaining in the plasma
in the presence of the analogue, several orders of magni-
tude greater than the previously proposed tetrapeptide
analogue.

The potency of the compound of Example XIV is
most especially notable, and it is an example of a “hy-
droxy” isostere. Comparing its ICsq (0.0024 uM) with
that of the corresponding Leu-reduced-Val isostere of
Example V (0.26 uM) shows that high activity can be
expected from this single change. Moreover the activity
is highly specific, restricted to renin and not shown
even in the closely related enzymes cathepsin D and
renal acid protease.

ACTIVITY IN VIVO

Detailed activity tests have been conducted only in
animals but indicate corresponding activity in man con-
firmed by preliminary studies in volunteers.

In the in vivo studies compounds are infused into
normal, conscious sodium-depleted dogs at rates of
0.01, 0.1, 1 and 10 mg/kg/hr. A maximum fall in blood
pressure plasma renin (PR) angiotensin-I (AI) and angi-
otensin-II (AIl) levels is obtained within 10 minutes at
doses of 1 and 10 mg/kg/hr. When the infusion is
stopped, blood pressure returns to baseline levels 30
minutes after the 1 mg/kg/hr. doses, but more slowly
after the 10 mg/kg/hr. doses. Results of the same kind
have been obtained in the baboon, in six animals, as a
close model of man.

USES IN MAN

In use of the compounds, a person suffering from
hypertension is for example given a nasal instillation
preparation of 0.01 to 1 mg/kg body weight of the
compound per dose, for example three times a day.
Clinically significant maintained reduction of the hyper-
tension is a positive indication of hypertension amenable
to treatment by the method of the invention. The
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method may be similarly applied to patients in heart .

failure. In both the hypertension and the heart failure
instances the plasma-renin may or may not be above
normal.

Longer term, persons diagnosed as suffering from
amenable hypertension as above are treated by means of
a continuing course of one or more of the compounds.

We claim:

65
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D—E-~——A—B=—Z—W
8 9 10,11 12 13

X =H or an N-protecting group or groups

D=absent or is Phe, aNal, 8Nal, Tyr, His, Trp or
cyclohexyl alanyl as such or reduced at carbonyl

E=absent or is His Ala, Phe, Tyr, Trp, 2-
aminobutyrl or a, §-diaminovaleryl as such or Na-
alkylated or reduced at carbonyl

A=

(a) f|{4 }IU R2
N—C—M-~C—G!=— where
RS RS
R4, RS and RS the same or different =
@) Hor
(ii) alkyl or

(ili) —(CH3),—OH or ~=(CH3),—NH>
whenn =2,3,4
G! (and G? appearing below) =
(i) —CHy—(CH)y— or
i) —(CHz),—CO— or
(iii) —CO~(CHp)n—
R! and R?, the same or different =
H, alkyl, ArCHj; or cyclohexyl-methyl
(i) —CH(OH)—(CH3),— or
(ii) —~CH(NH2)—(CHz),— or
(iii) —CHz—(CH2),— or
(iv) =~CO—(CH3)p— or
(v) —(CHg)y—N(R")~, where
R"=X
(vi) —CH(NH7)—(CHy),—CO~NH—
with the provisos (I) that when M = (i), (iii)
or (iv) and n = 1 then two three or four, and
when M = (v) and n = 1 then three or four, of
D, E, B and Z are present
(II) when M = (i), (ii) or (iv) then RS and R are
H and when M = (jii) or (v) then if one of R4, R5, R®
and R7 is said group —(CHy),—OH or
—(CH3)»—NHj the others the same or different, are
H or alkyl
or

) where n = 0-3

where
n=0-2

®R!

CH—Y! R?
/

CH-CH—G?~ where

—N
~g

R, R2 and G!, G2, the same or different, are
as defined above and
Y= (i) —CO—or

(ii) —CHy— or

(iii) —CH(OH)~ or

(iv) = CH(NH;)— or

(v) —CHy—NR3~ (R3 as above)
absent or is Val, Leu, Ile Phe either as such or
Na—alkylated and/or reduced at carbonyl
absent or is His, Phe, Tyr, or cyclohexyl alanyl and is
either as such or Na—alkylated and/or
reduced at carbonyl
(a) =~OH,
(b) —OR?

} R3 as above

(c) =NH;, —NHR3, —NR3),;

(d) —I\D where N is part of a heterocyclic ring

optionally substituted with R3 or R3 CHy—groups at
one or more positions
or

(XIv)
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-continued
Z-W = QCH,
CH — G! where L = (i) ~NH— or
| (iiy —O— or
- (iii) —NR3—

N L
ANV 4
G2

and R3 and G! and G?, the same or different,
are as defined above and
(i) Hor
(ii) C1— alkyl or
(iii) aryl or
(iv) imidazol-4-yl- or indol-3-yl

Q

all compounds being in free form or protected at one or
more remaining peptide, carbonyl, amino or other reac-
tive groups including peptide nitrogen or in salt form at
amino imidazole or carboxyl groups in particular as
physiologically acceptable acid addition salts at basic
centres.

2. Compounds according to claim 1 wherein for any
value of n in the definition of M, when M=(i), (iii) or
(iv) then two, three or four and when M=(v) then three
or four of said residues are present.

3. Compounds according to claim 1, wherein said
group X is

(a) R’>—(CH3),;, where n = 0-4,
(b) R3—CO—

(¢) R*—0—CO—

(d) R3—(CH3),—CO—

(e) R3—(CH;),—0~—CO

®) R?*—0~(CH2),—CO—

(8) R3S0)—

(h) (R¥)—N—CO—

or
or

or

or

or where n = 0-5
or

or

In (a)-(h), R? =

(i) H (except in (c)) or

(ii) alkyl or

(iii) cycloalkyl C3_7 or

(iv) bicycloalkyl or tricycloalkyl or
(v) aryl or aryl alkyl.

4. Compounds according to claim 1, wherein R! and
R2 are selected from

(@) alkyl or

(ii) ArCH;z or

(iif) cyclohexyl-methyl) or

@iv) H.

5. Compounds according to claim 1 wherein said
group W=

~—OH o
~OR3 . &
—NHj, —NHR3, —N(R3), } R as above ©

(@

s

where N is part of a heterocyclic ring optionally substi-
tuted with R3 or CHj- groups at one or more positions.

6. Compounds according to claim 1 in the form of 60

compounds in which, when one or more of the peptide
bonds of the chain is represented by a ‘reduced’ isostere,
the N atom of such isostere and the preceding or suc-
ceeding N atom in the chain are linked by a moiety as
defined for G! and giving a five or six membered ring,
and together further with compounds in which the
above residues are present with further, N- or C-termi-
nal, aminoacyl or aminoacyl analogue residue(s) inter-

10

20

25

30

35

45

50

55

65

56

posed between X and D, J being His residue, and com-
pounds in which one or more remianing peptide links
have been replaced by analogues M.

7. Compounds according to claim 1, wherein Y-Pro is
inserted between X and D, Y being D- or L- His residue
and Pro being as such or substituted by OH or replaced
by pGlu.

8. Compounds according to claim 1, wherein W is
serine or L- or D- lysine, arginine residue as such or in
amide form, substituted amide form or ester form or an
amino alcohol residue derived therefrom as such or
protected in ester or ether form.

9. The compounds of claim 1, wherein, in M, n=1.

10. The compounds of claim 1, or 9 wherein M=-
CH(OH)-(CH2)s-.

11. The compounds of claim 1, or 9, wherein M=-
CH(NH2)-(CH2),-.

12. The compounds of claim 1, or 9, wherein M=-
CH(NH>)-(CH3),-CO-NH-.

13. The compounds of claim 1, wherein A=

R!

CH—Y R?

/
=N c
o

H—CH—G?—

as defined herein.

14. The compounds of any of claims 1 or 9, wherein
in A, R and RS are hydrogen.

15. Compounds of the general formula:

X—Phe—His——A——B—Z—W XV)

8 9 1011 12 13

where Phe and His are optional but are not both absent
when A has the ‘reduced’ link below

X = H or an N~~protecting group;

A= 10

R? 0o

: A _
—NH—CH—~M!~CH—C  where M!isas M
* *

above or a ‘reduced’ —CH;—N=— or ‘keto’

R

(¢}
V4
—C
N
CHy~—

or ‘hydroxy’ —CH(OH)—CH;—, or

‘hydrocarbon’ —CH;—CHj— isostere bond
where the configuration at asymmetric centres is
either R or S, where in the hydroxy isostere the hy-
droxy group may be present as such or protected in
ether or ester form and where R? and R19, the same
or different = an amino-acid side chain;
—H or an N=—protecting group;
D- or L- Val, Leu, or Il¢;
D- or L- Tyr, Phe or His residue; and

(i) —OH or

(if) —NH; or
(iii) a serine or basic amino-acyl residue; or
an aicohol derived from L- or D- Tyr, Phe, His
residue;

=

ENw

Z+ W=

such compound being in the above form or modified by
isosteric replacement of one or more remaining peptide
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bonds and further being in free form or in protected
form at one or more remaining amino or amide, nitro-
gen, carboxyl, hydroxy or other reactive groups, or in
salt form at amino imidazole or carboxyl groups.

16. Compounds according to claim 15, wherein Phe
and His are in substituted form, Phe by OH F ClI Br or
Me, at the 4-position, or His by Me; or Phe is replaced
by Tyr, or His by spinacin.

17. Compounds according to claim 15, wherein group
X is an acyl group acetyl, pivaloyl, t-butyloxycarbonyl
(Boc), benzoyl or lower alkyl (primarily C;-Cs); or an
L- or D-amino-acyl residue, which may itself be N-
protected similarly and in particular may be Gly or D-
or L-Pro, Val or lle.

18. Compounds according to claim 15, wherein said
hydroxy isostere A is in ether -OR!Z or ester

(o]
4
—0—C

RrRI12

form where R12is as given under W below.

19. Compounds according to claim 15, wherein in A,
RY and RI9, the same or different=isopropyl, isobutyl,
benzyl or other amino-acid side chain.

20. Compounds according to claim 15 wherein Rilis
lower alkyl (Ci-Cs), or t-butyloxycarbonyl or ben-
zyloxycarbonyl as such or ring substituted, or aryl sul-
phonyl e.g. -SO2Ph or -802-CsH4CHj(p), or formyl.

21. Compounds according to claim 15, wherein when
W is -OH it is in protected ester form as -OR!2 where
R12=]lower alkyl primarily C1-Cs and “Bu, or cycloal-
kyl primarily C3-Cs, or other ester forming group.

22. Compounds according to claim 15, wherein W is
-NH,, it is in protected amide form as -NHR!3 or
-N(R!3); (where R13=an N-protecting group, and
R13),=two such or e.g. cycloalkyl, primarily C3-C7)
or as -NH-(CH3),-Q! or -NR 13- (CH),-Q! (where n=2
to 6 and Q!=NH; or

NG
—NH—C
NG2

and wherein G is hydrogen.

23. Compounds according to claim 15, wherein said
serine or basic amino acyl residue W is an L- or D-serine
or L- or D-lysine or arginine.

24. The compounds of claim 15, wherein A contains
the ‘hydroxy’ isostere bond.

25. Compounds as in claim 15 but having in place of
A the group

R? 0

I 4
—NH—CH~M~—CH—C

Rr!

where M is as in claim 1 and R! and R2 are as in claim
15.
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26. The compounds of claim 24 wherein, in M, n=1.

27. The compounds of claim 24 or 25, wherein M =-
CH(OH)-(CH2)»~.

28. The compounds of claim 24 or 25 wherein M=-
CH(NH;)-(CH3),-CO-NH-.

29. Compounds as in claim 15 but having in place of
A the group

Rl
RZ
CH=—CH—G2—

—N
~g

CH-—Y

as defined in claim 1.
30. The compound

H—Leu OH

Val Ile His Lys—OH or

OH

Boc—Leu Val Ile His—OH or

OH

H-—Len Val Ile His—OH or

OH

Boc—His Leu Val Ile His—OH or

OH

H-—His Leu Val Ile His=~OH or

OH

Boc—Phe His Leu Val Ille His—OH or

OH

H~Phe His Leu Val Ile His—OH or

OH

Boc—Phe His Leu Gly Ile His==OH or

OH

Boc—Phe His Leu Val Ile Phe=—OMe or

OH

Boc—Phe His Leu Val Ile~OMe or

OH._v/41 Tie His—OMe or

Boc=Phe His Leu
Boc—Phe His Leu I—c--Val 1le His—OH or

_ Boc—Phe Ala Leu 2H-val Ile His—OH or

OH

Boc—Phe Phe Leu Val Ile His==OH.

31. The compound

Boc—Phe His Leu R-Val Ile His—OH.

32. The compound
Boc-Phe His Ast(R) ILe His-OH
Boc-Phe His Ast() Ile His-OH.
33. The compound

NH>

Boc—Phe His Leu Val Ile His—NH; or

NH;

Boc—Phe His Leu Val Ile—NH—CH,CH,Ph or

NH
Me Phe Leu 2

Boc—Phe

Val lle—NH—CHCHy-(2-pyridyl).

34. The compound
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Boc==Phe His—N--CH(Bu)—CHz==NH—CH(‘Pr)=-CO—Ile His—OH
CH,CH,;NH;.
35. The compound
Bzl
—
HN OH_ v/a1—1te R-His—NH; or

N—CH—CO=—Leu

(o]
ImCH>
Bzl >'——\ Bu  OH ’ll’r
Boc~NH--CH—CH;—N N—CH—CH=--CH;—CH—CO—1le Me Phe—NHj or
Il
o]
ImCH>
Bu OH iPr
Boc—Phe—N N—CH-—-CH=-CHy~CH—CO—1le -&-Phe—NHz or
By OH
Boc—Phe—His—N CH;=~CO—Ile Me Phe—NH; or
Bzl 8}
> V4
Boc—Phe—Abu—Leu 2 val—[le—N 0.
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